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ABSTRACT
This thesis focuses on the understanding of patterns and variabil ityof sedimentandfresh
water delivery from land to sea, and sediment dispersal in the marine basins of two fjords
in Northern Labrador. Multibcam and sub-bottom acoustic data and sediment cores were
collected in Nachvak and Saglek fjords. Sediment cores were sub-sampled for X-
radiography, grain size, and radiochemical analysis (based on the particle-bound
radioisotopes 2JOPb and 137es,), to study sedimentary structures and determine sediment
accumul ation rates. Results show that the sediments are generally mottled and fine
grained.Sedimentacc umulationra tesareo na verage O.21 cm/yi n Nachvakfjorda nd O.26
cm/y in Saglek Fjord with temporal resolutions ranging from 15 - 68 years in Nachvak
Fjord and 12 -49 years in Saglek Fjord. Mass accumulation rate values suggest that the
majority of the sediment is accumulating in the center of the basins. Further analyses
suggest that: postglacial sedimentation was on average constant in Nachvak Fjord; in
Saglek Fjo rd sediment accumul ation was more rapid dur ing the last - 100 y as compared
to post-glacial times; the main sediment source in Saglek fjord is from rivers with
extensive catchments that lack glacier s, and in Nachvak fjord from smaller rivers with
steep, small and presently glaciated catchments as well as from additionalso urcessuchas
from the erosion ofg laci-marine terraces.
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Chapter I
This thesis is organized into three separate chapters as stand-alone papers. Chapter
one gives an overv iew on the research up to date in Northern Labrador and summarizes
thebasics of sedimentarydeliveryto the coastal ocean andfjord processes. Chapter two
presentsthe researchdone for this MSc thesis, including an introduction to the regional
setting, a descri ption of themethods used,adescription of the resultswith a subsequent
discussion, and conclusions. Chapter three summarizes the research results and
conclusions, points out the significance of the research and mentions future studies to
which th is thesis may contribute to.
Proj ect Overv iew
This Master's Thesis is part ofa basel ine ecosys tem study of the Torngat Mountains
National Park sponsored by ArcticNet, a Network of Centres of Excellence of Canada
(NCE). The government of Canada togethe r with The Canadian Institutes for Health
Research (Cl flR), the Natural Sciences and Engineeri ng Research Council (NSERC) and
the Socia l Sciences and Humanities Research Council (SSHRC) administer the Networks
of Centres of Excellence in partnership with Industry Canada (www.nce-rce .gc.ca,
retrieved 2010). The NCEaimsto support talented researchers andi mprovetheabiliJYto
trans form their research into products and services beneficial to Canadia ns. It links
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academ ia, industry, govemment and non-profit organizations to ensure Canada's global
economic competit iveness. ArcticNet , as one of Canada's NCE's, supports scientists
studying the impacts of climate change in the coasta l CanadianA rcticbyl inking natura l,
human health and social sciences with their partners from Inuit organizations, northern
communities, federal and provincial agencies and the private sector. ArcticNet's
motivation is driven by the fact that climate warming is causing changes in the
environment and social life in Canada , and especia lly in the Arctic communities and
territories (ArcticNet Rationale, 2008). Impacts of a warming climate in the Canadia n
Arctic include changes to Inuit hunting traditions, modifications to habitats of Arctic
fauna,i ncreasedvigilanceonCanadiansovereigntyandsecurity as internationa l shipping
ways throug h the Canadian Arctic open, and re-engineered transportat ion and
infrastruc ture on thawing permafrost. For ArcticNet the collaboration betwee n Inuit
organizations, northern communities, universities, research institutes, industry,
gove rnment and international agencies is very important to ensure adaptation strategies
are formulated in mutual agreement.
Phase 2 of ArcticNet's compe ndium contains numerous projects, such as projec ts
on coasta l marine ecosys tems, coastal terrestrial ecosyste ms, Inuit health and adaptation,
and industrial development in the North (ArcticNet Projects, 2008). These projects are
grouped into four Integrated Regional Impact Studies (IRIS) accord ing to a geogra phica l
area in Canada. This MSc Project is part of IRIS 4. IRIS 4 is focused on Canada's Eastern
sub-Arctic including the Inuit territo ries of Nunavik (northern Quebec) and Nunatsiavut
(northern Labrador). Geograp hica lly IRIS 4 is bound by Hudson Bay to the west, Hudson
Strait and Ungava Bay to the north,and the Labrador Sea to the east. The climate of this
area is continental with high precipitation (mainly snow) . It is expected to warm by 3-4
°C and have precipitation increase by 10 to 25% by the middle of the century (ArcticNet
Projects, 2008) . One study evaluating adaptation in this area is the project "Nunatsiavut
Nuluak", of which this MSe Thesis is a part. Nunatsiavut Nuluak is concerned with
understanding and responding to the effects of climate change and modernizatio n in
Nunatsiavut. It is led by the Nunatsiavut Government (NG) through Marina Biasutti-
Brown, and the Environmental Science Group (ESG) of the Royal Military College
through Ken Reimer. Parks Canada, the Department of National Defence, Vale Inco
(Voisey's Bay Nickel Company), Sikumiut Environmental Management Ltd., the
Canadian Wildlife Service, and the Department of Fisheries and Oceans work together as
partners to provide the area with insights into the health of the marine ecosys tem in
Northern Larbrador and how residents ean adapt. For all members of this research project
it is important to know that Inuit and Inuit knowledge are close ly involved in all
processes. This helps to ensure that regional communities understand the importance of
baseline data and trends and that formulated strategies are relevant and meaningfu l to the
future of the people of Northern Labrador.
To implement research in Northern Labrado r, Parks Canada and the Nunatsiav ut
Government have estab lished a base camp located in kANG IDLUASUk (Inuktituk for St.
John's Harbour) in Sagle k Fiord, 200 km north of Nain in Nunatsiav ut and 100 km from
Kangiqsualujju aq in Nunavik (http://kangidluasuk.com, retrieved 2010) . The base cam p
was established for the first time in the summer of 2006, and is run and managed by Inuit.
The basecamp ' s philosophy is to re-connect Inuit to their land; to give Inuit from Nunavik
and Nunatsiavut the chance to meet old friends, to share memories oftheirchildhood in
the Torngat Mountains, and to teach the Inuit youth about their land; to give scientists and
Inuit the chance to connect, share, teach and learn together , and very importantly for us, it
isascience basecamp.
Research 10 dale in Nachvak and Saglek Fjord
To promote the maintenance of ecological integrity of the Torngat Mountains,
Parks Canada has started a baseline ecosystem study of the Torngat Mountains National
Park, assisted by ArcticNet and the Internat ional Polar Year program
(http://kangidluasuk.com, retrieved 20 10). Projects include the assessment of marine
ecosystem recovery from PCB contaminations in Saglek Bay and interactions with ringed
seal, paleoceanographic and paleolimnol ogic studies in fiords and lakes, monitorin g for
ecological integrity , glacier observations, marine food web models and habitat mapping,
the effect s of climate change on Arctic char, the assessment of stream ecosystem structure
and function , as well as the impacts of climate change on thevegetation in the Torngat
Mountain s (http ://kangidluasuk .com, retrieved 2010, and Brown et aI., 20 10; Brown et
aI., 2009; Carpenter et aI., 2009; Kinget al., 2009; Richeroletal., 2009).
Projects to which this thesis might contribute , include :
Benthic habitat mapping and communit y inventory of Saglek and Nachvak
Fjord , aiming to provide detailed maps of seabed morphology and substrate
type, as well as an inventory of the of benthic biota present in the fjords and the
distrib ution of their habitats (Annual Report of Researc h and Moni toring in
Tomgat Mou ntains National Park Reserve, 2007).
Establishing monito ringmeasure sformarineecologica li ntegrity in both fjord s,
eva luating the impac t of climate chang e, industr ialization, and contaminants to
the marine environment (An nual Report of Research and Moni torin g in Torngat
Mountai ns National Park Reserve , 2007) .
- Assess ment of potent ially contami nated sites in Tomgat Mountai ns Nationa l
Park ,studying if hazardous mater ial (such as from fuel drums or pianewrecks)
is migrating into the environment (Annua l Report of Research and Monitoring
in To rngat Mountai ns Nationa l Park, 2009) .
- Reduction of PCB contamination in an Arctic Coasta l Environment, assessi ng
eco system recovery (Brow n et al., 2009) .
General Research Background
This project provides a baseline assess ment for environmental processes,
hydrologic processes as well as seabed character istics in the fjordsofnorthernLabrador.
waters. Our research focuses on understanding pallerns and variability of sediment and
fresh water delivery from the land to the sea, and specifically, sedimentdispersal in the
marine basins of Nachvak and Sag lek Fjord. Studying sediment delivery and dispersal is
important because freshwater and fluvial sediment carry nutr ients to the coastal ocean
where they influence both the terrestrial and marine ecosystems.
Sedimentary Delivery to the Coastal Ocean - Processes and Applications
For this thesis the focus ison the riverine delivery of sediment from the land to the
ocea n. The key factor in the accumulation of riverine sediment on the continental shelfis
the ava ilability of accommodation space, the amount of space available for sediment to
accumulate and fill up between the seafloor and the sea surface (Posamentierand Vail,
1988). Marine accommod ation space is created when the coastal plain isfl ooded andi ti s
reduced or removed through filling with sediment. Controlling factors include relative
sea-Ievel rises,subsidence, andsedimentaggradation. lngeneral, deltas forrn where the
available accommodation space is filled, while estuaries form in regions where
accommodation space is created faster than the rate of fluvial sediment supply and
accumulation (Boyd et al ., 1992). Once sediment is delivered to the ocean there are static
as well as dynami c processes that control the trappin g efficie ncy of the sediment
(Sommerfie ld et al., 200 7). To pography and morph ology (i.e. canyons, banks, coastline
orientation) of the marine basin define the static trapp ing factor and influence sediment
trapp ing on a wide range of time-scales. Dynamic trapping, on the other hand , is
controlled by propertie s of the water co lumn and processes therein , such as density
stratification, hydrodyn amics, and part icle flocculation . This is usually happenin g on
shorte r time-scales, ranging from minutes to days. Currents in the water co lumn transport
sediment, while energe tic wave processes can resuspend sediment (Ogs ton et aI., 2004) .
Marin e sediment can be charac terized as three gradational layers beneath the
sediment-wa ter interface : a resuspension layer, a zone of bioturbation, and a zone of
preservation (So mmerfie ld et aI., 2007) . Factors controllin g part icle transport , sett ling,
deposition, resuspension and preserva tion are current ve locity, suspended-sedimen t
concentratio n, particl e-settlin g velocity, biological mixing, deposition rate, and
accumulation rate. Sediment accumulation links sediment supply and dispersal in a
tempora l and specia l reference frame. Most scientists who study sediment flux transfo rm
sediment accumulation rates into mass acc umulation rates express ing the mass of
sediment buried per unit area per unit time (e.g. g crni yr") .
anthropoge nic radio isotopes, such as 137Cs, 239.24opu, 2,oPb, 7Be, and 234Th (Turekia nand
Coc hran, 1978). These radioisotopes are scav enged by fine-grained part icles in the water
co lumn and thus delivered to the seabed and buried . Once they are removed from their
source their conce ntratio n decreases through radioactive decayasa functionof the
isotope' s half life. Therefore, activities of the radioisotope decrease with depth in the
seabed due to the law of radioactive decay, and can be used to determine sediment
accumulation rates. This method has been applied in fjord setlings byo thersc ientistss uch
as Jaeger et al. ( 1999).
The radioi sotope 210Pb occurs naturally asa member of the 238Udecay series, where
in sediments it is generally characterized as one of two categories: supported and
unsupport ed (Noller, 2000). Unsupported (or excess j t' ' Pb is produced in the atmosphere
as an unsupported daughter product of the gas 222Rn, an element produced from 226Ra
decay, and which quickly escapes to the atmosphere to decay. Unsupported i'Pb sert les
out of the atmosphere or is scavenged by rain,deposited on land or in the ocean, and
scavenged by fine-grained particles. By leaving the atmosphere, it is in disequilibrium
with its parent 222Rn. This means that once unsupported 210Pb is deposited it will decay
and decrease in concentration . Supporte d 210Pb is produced by in situ decay of 226Ra
within mineral grains, and 222 Rn rising from sediments and rocks at depth . In sediment
cores total concentrations and activities Of 210Pb can be measured and separated into
supported and unsupported concentrations and activities. The decrease in unsupported
activity with core depth due to radioactive decay can then be used as a method to
calculate sediment accumulation rates. The following assumptions have to be made in
order to successfully apply this method in continental-margin sedimentology:a) 2IOPb is
quickly removed from the atmosphere and streams and sequestered in soils and
sediments, b) 2IOPbisimmobileo nceit is deposited,c)Unsupported 210Pb is independent
of depth and does not migrate down in sedimentary column, and d) Supported 210Pb is in
secular equilibrium with its grandparent 226Ra.
The radioisotope 137Cshas been introduced into the atmosphere from nuclear testing
or from release from nuclear reactors. It was first released by early nuclear tests in 1945
(Carter and Moghissi, 1977), becoming widespread globally in November 1952 (Perkin s
and Thomas, 1980). It is detectable in sediments formed around 1952 ± 2 yr (Robb ins et
al., 1978), and peaks in weapons tests in 1963 (Ritchie and McHenry, 1990) . Maximum
penetration depth and peaks in the activity-depth profile are commonly used to date
sediment and estimate sediment accumulation rates. It is a second approach to validate
results from otherra diotracers (i.e. 21OPb) (Ritch ie and McHenry , 1990).
To study the dispersal of fluvial sediment on the continental shelf it is useful to
compile a sediment budget to quantify the relations between sediment production ,
transport, storage and burial (Sommerfield et al., 2007) . To do this one needs to quantify
source and sink terms for sediment. River discharge is a crucial factor in deliverin g fine-
grained sediment to the coastal ocean. Today, many rivers worldw ide are gauged, which
makes it easy to define an accurate source term in these regions. However, many smaller
rivers, especially at high latitudes and in remote places are under-gauged or ungauged.
Fortunately, there has been great progress in developing models to estimat e fluvial
sediment discharge by using other simple environmental factors. To determine a value for
a sediment sink for a region of interest, there are mainly two ways: a) measure sub-
bottom profiles (graphic method) or b) measure sediment accumulation rates (bur ial flux
method). The graphic method uses sub-bottom profiles to measure the thickn ess and
extent of sediment of a known age and density (GrOtzner and Meinert, 1999). The burial
flux method is based on sediment accumulation rate measurements from several stations
distributed within the dispersal system (Nittrouer and Sternberg, 198 1).
Fjord Processes
Modern fjords, the products of the advance and retreat of glacial ice and relative sea
level fluctuations (Syvitski et aI., 1995), occur in the mid to high latitudes of both
hemispheres and form so-ca lled fjord belts (Howe et al., 2010). They can be classi fied as
polar, subpolar, and temperate fjords acco rding to their climate regime. They are
immature, non-steady state systems, formed by post-glacial erosion of coastal valleys,
evolving and changing over relatively short time scales ofcenturiestomillennia(Syvitski
etal., 1995). In appearance , they are long, narrow, deep and steep-sided valleys that may
remain connected to the sea (Syvitski, 1987). They can be branched, but also may be
remarkably straight where ice followed fault lines (Syvitski et aI., 1995). They ofte n
contain one or more submarine sills created from bedrock, moraines or other
glaciomarine deposits (Fig . I). Thisoftcn leads to poorlycoupledoceanc irculationabovc
and below the sill height and pronounced vertica l hydrographic gradients in water
propert ies. The restricted deep water circulation and resulting low currents, reduced
oxyge n, and reduced bioturbation make silled basins in fjordsexcellent naturalse diment
traps. Fjords are often viewed as proxy miniature ocean basins with uniquehydrography,
fauna, biogeochemistry, and sedimentation, and are interesting to study (Syv itski etal.
1987). Fjord research is not only scientifically important, but also important from a
historical and soc ial point of view (Howe et aI., 20 10). For at least 9.5 ka, fjords have
been a place for communities. Easily accessed , sheltered and fertile,theyareoften used
for farm ing and fishing. This also applies to fjords on the Labrador Coast as Historic
Inuit, Thu le and Dorset have used and occupied the area for centuries
(http://ka ngidluasuk.com,retrieved2010).Thus,it is important to scientists as well as
local communities to understand the fate of a fjord ' s ecosys tem in a changing
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Fig. /: Sediment delivery to fjo rds, aft er Syv itsk i et al. 1995
Fjord dynamics include sedimentary (suspended-sediment deposition, gravity
currents), oceanographic (wave, tidal, estuarine), and glacial processes (meltwater
discharge, ice rafting), which work in concert to produce sedimentary strata at a number
of time sca les (minutes to centuries) (Fig. I) (Jaege r et aI., 1999). The fluvial input of
river-influenced fjords mainly consists of eros ional products from weathering,reworked
glaciogenicand raised marine deposits, as well as freshly produced glacialfl our (Syvitski
et al., 1995). Areas with vegetation can contribute terrestrial organic matter (pollen,
leaves, twigs, humic substances) transported from land to the fjord basin.Oceanogra phic
and meteorological processes a lso exert strong control on the discharge, transport, and
deposition of sediment in fjords (Jaegeretal., 1999). Freshwater input at the fjord head
creates a buoyancy gradient , which leads to a surface flow down fjord and the
establ ishment of estuarine circulatio n. This two- layer flow, with an outward flowing
surface layer and an inward-moving compe nsat ing current, is influenced by theCoriolis
effect (which forces flow to the right in the northem hemisphere), the centrifugal force,
bathymetry, pressure grad ients deve loped from meteorolog ical conditions(windstructure,
freshwaterdischarge),and by surface mixing from strong winds (Syvitskietal., 1995).
Estuarine circulat ion in high-latitude fjords is also strongly influenced by sea ice, icebergs
and tidewa ter glaciers (Fig. I) (Syvitsk i, 1987). Sea ice may stimu late circu lation by
rejecting brine on freezing or it may limit circulation as it prevents wind waves and
currents, dampens tides and tidal currents, and enhancesstratification by production of
meltwater (Gi lbert et aI., 1983).
The fluvial sediment entering the fjord separates into two components seaward of
the river mouth: the bedload and the suspended load (Syvitski et aI., 1995). Stream
discharge, hydraulic slope, bottom roughness, bed compaction, and grain properties
contro l bed-load transport. The bed load is of coarser grain size than the suspended load
and, therefore, settles quickly onto delta foreset beds once the velocityofastreamfaJls
below a threshold value for deposition ofa particular grain diameter. The fine-grained
suspended sediment load is carried seaward within the river plume and its concentration
increasesexponentiaJlywit h increasing stream discharge. Thus, a change in river runoff
will be reflected in the sediments deposited . The river plume is created by low-density
freshwater which enters the fjord and spreads and thins over more dense saline water of
the fjord.
As the river plume mixes with saline water, Ilocculation can occur. Dyer ( 1995)
describes flocculat ion as a result of the total surface ionic charge 0 n the particles and the
envelopingelcctrical double layer. He states that there is an overall attraction when the
particles are in closeproximity whichl eadst othe format ion of aggregates ofp articles, or
noes. As a result the grain size of the noes is greater than that of their individual
componentsand theirsettlingveloeity is increasedover thatof parentgrains(Syvitski et
al., 1995). Humana ctivities,suchas land useand deforestation,can increase river run-off
and thus the supply of fluvial sediment to the fjord (Howe eta l.,2 0 10).
Apartfromthemajornuvial inputother sedimentsourcesincludeaeolianterrestrial
sources, anthropogenic sources, continental shelf source s (viaestuarinecirculation),input
from wave and tidal erosion, input from landslides, biogenic input as well as input from
icebergs or land-fast ice (Syvit ski et aI., 1995). The study of the glacial sediments
importanteontributorstodeep-seasedimentbudgets,andinterpretations of marine cores
are used as indicators of abrupt climate change (Andrews et al., 2002). Icc coverofa
fjord also has an influence on the sedimentation within the fjord. Sediment can
accumulate on or within the ice by wind action, stream discharge, rock fall, sea floor
erosion, wave and current wash-over or bottom freezing (Syvitski etal., 1995). Drift ice
sediments from the ground, transport it within the fjord and deposit it somewhere in the
fjord basin . The presence of coarser- grained sediment in an otherw ise fine-grainedmatrix
is often evident in studies of fjord sediment and is often interpreted as an indicator for ice-
rafted and aeolian material or sediment deposited by glaciers, suehas in Amera lik Fjord,
SW Greenland (Me ller et al., 2006), Joseph Fjo rd, East Greenland (Evans et. aI., 2002) ,
Icy Bay, Alaska (Jaege r et aI., 1999), and others. A study by Yoon et al. ( 1998) in
Maxwell Bay, Antarctica shows the influence of glaciers on sedimentation. The
distribution of suspended particulate matter in the waters of Maxwe ll Bay indicates that
the glac iofluvial discharges from glaciers which end on land introduce more suspended
sediment than the fjord-head trunk glacier.
Most sed iment delivered to the fjords is closely tied to processes 0 nl and. Therefore,
fjord sedimen t deposits retain high quality records of terrestrial processes , whi le also
recording the influence of marine processes (Howe et aI., 20 10). Fjo rds often have the
advantage of reflecting a continuous sedimentary record throughoutt he Holocenet hatca n
be correlated with terrestrial cl imate records such as tree-rings andl ake varves (Cage and
Austin 2010) . Because fjords provide such high-resolution insights in previous climatic
changes, they are a valuable predictive tool.
Even though fjords are such a valuable predictive tool, there have been only few
truly integrated quantitative studies of sediment budgets in cold environme nts (Beylich et
aI., 2009) . A few studies on sediment budgets in fjords include fjords on Greenland and
Iceland, and in Canada, Alaska, Norway , Scotland and Antarctica (i.e. Jaege r et aI., 1999;
Yoon et al. , 1998; Mlil ieretal. ,2006;Paetzeletal., 1994 and 2010; Beylich etal., 2009;
Seidenkrantzetal.,2007;Evansetal.,2002 ; Barrie, 1983; Rosen, 1980; Hasse t aI., 20 10;
Forwick et aI., 2010; Dallimore and Jmieff, 20 10; Mcintyre and Howe, 20 10). Compari ng
the findings in these studies suggests that the sediment budget depends on each fjord's
individual geometry and environmenta l conditions rather than following a geograp hical
trend . Some fjords govern permanent or periodically anoxic conditions, such as the
Barsnesfjord and the Nordasvannet fjord in western Norway (Paetzel et al., 1994 and
2010) and several fjords on Vancouver Island, Canada (Dallimore and Jmieff , 2010) . The
distribution of oxygen depends on factors such as sill depth,photosyntheticproduction,
and the level of oxygen consumption (Dallimore and Jrnieff, 2010) . For example , in the
inlets of Vancouver Island the water column is usually highly stratified due to high
rainfall, shallow sills, weak freshwater recharge, and the interrupted inflow of marine
water, leading to dysoxic or anoxic bottom waters and restricted bioturbation . In these
basins annually laminated sediments can be preserved . Although both Barsnesfjord and
Nordasvannet fjord are in geographical proximity and have much in common (i. e.
shallow sills, anoxic conditions) the rates of sedimentation are verydifferent(0.85cm/y
in Barsnesfjord and 0.4 mm/y in Nordasvannet fjord) due to differences in fjord geometry
and drainage basins. Fjords with less restricted watercirculation govern oxic conditions
and usually homogenous sediments with indications for bioturbation, such as Ameralik
Fjord in SW Greenland (Seidenkrantzetal.,2007).
Dallimore and Jmieff(201O) summarize Canadian west coast fjord environment s
and characterize two types of fjords: a) areas where rivers drain high mountains and ice
fields and most of the sediment input to the fjords is from snowmelt and glacier runoff in
spring and summer with high sediment accumulation rates (i. e. 30 cm/y in Bute Inlet),
such as fjords on the mainland in British Columbia, and b) fjords located in a milder
marine climate which receive most of the sediment during heavy rains in autumn and
winter and lower sediment accumulation rates (i. e. 0.25 cmly in Effingham Inlet), such as
The fjords studied in this paper are located in northern Labrador and are both
uninhabited and pristine (Bentley and Kahlmeyer, 2008). Both Nachvakand Saglek fjord
apparently receive most of their sediment from river ca tchments (I - 77 km2, 2 - 809 km2
in size, respectively), draining through relatively high mount ains (up to 1400 m high).
Rivers enteri ng Nachvak fjord drain from snow and ice fields and small glacie rs, while
the drainage basins of rivers entering Saglek fjord do not contai n glaciers . Maximum
water depth s in the mar ine basins are 180 meters in Nachvak fjord and 300 meters in
Sag lek fjord. Sedi ments are fine-grained with admix tures of ice rafted deb ris. Sediment
accu mu lation rates are on the order of severa l mill imeters per year . The sedimentary
texture is comparab le to sedi ments in other fjords, such as Makkovik Bay, Labrador
(Barrie, 1983); and Amera lik Fjord, SW Gree nland (Seidenkrantz et aI., 2007); and
sed iment accu mulation rates (0 .12 - 0.52 cmly in Nac hvak fjord and 0.08 - 0.36 cmly in
Sag lek Fjord) are comparab le to fjords such as Icy Bay, Alaska (Jaeger et aI., 1999);
Amera lik Fjo rd, SW Greenland (Mo ller et aI., 2006); Sogndalsfjor d, weste rn Norway
(Pae tze l etal., 2010) ; and inlets on Vancou ver Island (Dallim ore and Jmieff, 20 10).
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Chapter 2
Dispersal of fluvial sediment in two sub-arctic fj ords on the Labrador Coast:
Nachvak Fjord and Saglek Fjord, Canada
Recent marine records of fluvial sediment supply to two sub-arctic fjords in northern
Labrador (Eastern Canada) have been studied in order to determine fluvial transfer of
terrestrial material to the fjords, and to develop baseline knowledge for future studies.
and Sag lek fjords in Northern Labrador, within Canada's Torngat Mountains National
Park, aspartofthemost extensive study ofthe park' s marine resources to date. In order
to assess sediment discharge and the fjord' s sediment dispersal system, data collection
was concentrated on marine basins fed by the largest fluvial catchments associatedwith
each fjord. Each core was sub-sampled for X-radiography, grain size,andradiochemical
analysis, and was analyzed for sedimentary structures and sediment accumulation rates.
Radiochemical analysis is based on the particle-bound radioisotopes 2IOPb and 137Cs,
which have been used to determine sediment accumulation rates (SAR), and 2 10Pb
in the fjord basins were studied from sub-bottom profiles and bathymetry data. Results
show that in both fjords sediment is accumulating indepocentre s in the centre of each
basin. In Nachvak Fjord, which is fed primarily by small rivers with very steep, small,
presently glaciated catchments, the thickness of postglacial sediment observed in sub-
bottom profiles compares well with thicknesses projected from recent sediment
accumulation rates and implies that postglacial sedimentationwas on avcragc constant.l n
Sag lek Fjord, which is fed by larger rivers with more extensive catchments that lack
glaciers,postglacialsedimentthickncssisonaverage 40% lessthan that projected from
recent sediment accumulation rates, suggesti ng more rapid sediment accumulation for the
past -IOO yth anforthat averaged overp ost-glacialtime.Present mass accumulation rates
for theNachvak fjord basinareo naverage39,000t/y for theentire basin,and forSaglek
43,000 t { ' for the entire basin. Comparison between MAR values and results from a
previously published statistical model estimating fluvial sediment supply from catchment
propert ies support the hypothesis that the marine basins of both fjords are exce llent
natural sediment traps with the capacity to trap the modeled sediment load entire ly.
Results for Nachvak Fjo rd suggest a high sediment yield of the rivercatchment sdraining
into the fjord and/or a significant supply of sediment from sources additional tor ivers.
The goa l of this study is to eva luate recen t marine recor ds of fluvia l sedime nt
supply to two sub-arc tic fjords in northern Labrador as part ofa basel ine ecosystem study
of To rngat Mount ains National Park. Sedi ments delivered by rive rs to the fjords play an
important role in the transport of nutrients from land to the ocean . Terres tria l animals
suchas bears feedon marine life,and migratory fish,s uchaschar, inhabit both ocean and
rivers. So fluvial-marine interac tions influe nce both terrestr ial and mar ine ecosys tems .
River runoff links processes in the atmos phere, the land surface, and the ocea ns and is
cont rolled by climate-sensitive factors such as air temperatur es, precipitation, snowcover,
or perrnafrost(Dery etal.,2 005) . Thus ,c hangesin river runoffaresensitive indica tors for
changes in climate and are reflected in the fluvial sediment accumulated in marine basins
(Syvitskie tal., 1995). Resulti ng observation s of this study will provid e inforrnation about
environmental processes, hydrol og ic processes as well as seabed charac teris tics in the
fjord s of north ern Labrador and will be useful as some of the first such measurementsin
Th is study is part ofa larger project called "Nunatsiavut Nulu ak", direct ed at
understandin g and respondin g to the effec ts of climate change and moderni zat ion in
Nunatsiavut , and lead and sponsored by Arctic Net (Reimer et aI., 2008). ArcticN et is a
research network concerned with creating links among natural, humanhealth and social
sc iences, regard ing clim ate change in the coasta l Canadian Arct ic (ArcticNet Rational,
2008). This project in part icular is concerned with the impacts of cl imate change,
modern ization and contaminants on the health of communities and the mar ine ~"Y''= I
" ~
in northem Labrador (ArcticNet Projec ts, 2008). Inuit are ciosely involved in the research
to ensurethat adaptation strategies arerelevantforthe communitie s (ArcticNetProjects,
2008).
/.ig. I Map of study area showing locations of Nachvak and Saglek Fjord
The study areas are two subarctic fjords on the NunatsiavutlLabrador coast
(Canada), Nachvak Fjord and Sag lek Fjo rd (Fig. I). Sediment cores were collected in the
main basin of each fjord and have been analyzed for sedimentary structuresand sediment
accumulation rates (Fig. 2 and 3). These results have been compared for each basin and
used to describe how sediment is dispersed within the basin. Sediment accumulat ion rates
(SAR) have been used to estimate an average sediment discharge, assuming rivers to be
the only sediment source. These results have been compared to modeled sediment
discharge and used to draw conclusions on sediment sources and dispersal of fluvial
sediment. Basic observations of seasonal stream flow have been conducted to get an idea
of prevailing flow conditions in the two rivers under study. Sub-bottom profiles and
bathymetry data collected in the fjords have been used to describe sediment thickness and
extent in the fjord basins.
Fig. 2 Map of Nachvak Fjord showing bathymetry, drainage basins (blue shaded.
bright blue shaded are drainage basin of interest for this study) and core
locations.
Fig. 3 Map of Saglek Fjord showing bathymetry, drainage basins (blue shaded, bright
blue shaded are drainage basin of interest for this study) and core locations.
2 Fjord processes
Fjords are a product of glacial erosion and can be found along glaciatedbeltsatmid
to high latitudes in both hemispheres (Howe, 2010) . Depending on climate, glaciogene
regimes and environmental factors, fjords can be classified as polar fjords (narrow bays
permanently covered with sea ice, with a resident headwater glacier , and major sediment
supply from glacial processes) , subpolar fjords (seasonally open narrow bays with
summer mean air temperatures above 0 DC, common iceberg s, some hinterland rivers,
and major sediment supply from subglacial meltwater) and temperate fjords (narrow ,
formerly glacial bays with sediment from hinterland rivers, and sea ice generally absent) .
Fjords are geomorphological features that represent the transition from the terrestri al to
the marine environment. They typically have entrance sills restricting water circulation ,
making fjords ideal depositional environment s for preserving high-resolution
environmental changes. Sills can be created from bedrock , moraines or other
glaciomarine deposits (Syvitski et aI., 1995). Fjord processes are controlled by
sedimentological (suspended-sediment deposition , gravity currents), oceanographic
(wave , tidal , estuarine) , and glacial processes (meltwater discharge, ice rafting) , which
work in concert to produce sedimentary strata at a number of time scales (minutes to
centurie s) (Jaegeretal., 1999). During the EarlyfMid-Holocene , the disappearance of ice,
crustal unloading and associated isostatic sea level changes led to the reactivation of
faults, increased sub-aerial and submarine landslides , rockfalls, and increased
sedimentat ion (ForwickandVorren 2002 and Bee et al. 2003). Sedimentinpolarfjordsi s
typically glacier-derived ; in temperate fjords it is river-derived (Howe , 2010).
Bathymetry , depth , and the hydrog raphic regime steer the distr ibution of the sediment.
Deposition in form of sediment creep , slides, debris flows and turbidity flows are
common in fjords due to high sediment supply on steep slopes (Syvitski et al. 1987).
Sediment accumul ation rates are typically on the order of millimeters to centimeters per
year( Howe, 20 10).
In non-glaciated fjords the main sediment supply is from terrestrial rivers,
especially if the fjord basin is protected from coastal processes by a sill. Processes
associated with the deposition of fine-grained fluvial sediment includedensitycurrents,
flocculation and turbulence (Reil ing and Nordseth, 1979). Density currents carry
sediment in suspension, which is then deposited by settling out of the water column .
Flocculation causes the formation of aggregates and an increase in grain sizeleadingto
more rapid deposition of the sediment. Turbulence causes erosion of deposited sediment
and resuspension. In the fjords of this study the main sediment input is thought to be from
rivers and mainly consisting of erosional products from weathering, reworkedg laciogenic
and raised marine deposits , and some freshly produced glacia l flour. The river plume
carries the fine-grained suspended sediment load (sand to clay) seaward and its
concentration increases exponentiall y with increasing stream discharge (Syvitski et aI.,
1995).
Apart from the major fluvial input other sediment sources include wind-transported
terrestrial sources, anthropogenic sources, continental shelfsources (viaestuarine
circulation), input from wave and tidal erosion, input from landslides, biogenic input as
well as input from icebergs or land-fast ice (Syvitski et al., 1995). Ice cover of a fjord also
has an influence on the sedime ntation within the fjord. Sedime nteanaccumulateon or
within the ice by wind act ion, stream discha rge, rock fall, seafloo r eros ion, wave and
current wash-over or bottom freezing . Drift- ice can become sedimen t laden land-fast ice
as it freezes nearshore. Land-fast ice returning to drift ice can transport sediment from
the shore and distribute it in the basin. Mostsed iments de liveredto fjords are closelytied
to processes on land. Therefore, sedime nt deposits in fjords retain high quality recordsof
terrestrial processes , while also recording local marine processes and conditio ns.
Kah lmeyer (2008) provides first basic data on sed iment delivery in Nachvak ,
Sag lek, and Anaktalak fjords. Sediment accumulat ion rates in this area range between
0. 18 cm/y and 0.33 cm/y, and estimated sediment discha rge range between 32,000 ±
30,000 tly and 580,000 ± 330,000tly (Kah lmeyer, 2008). However, for this 2008 study
only one to two box cores per fjord were analyzed. A greate r number of cores have now
been ana lyzed, covering an area from the river mouth to the centre of the basin, to
improve interpretations for the mode and dispersal of sediment and to improve
estimations for sediment discharge.
The specific objectives of this paper are, to deterrnine:
I. dispersa l patterns of fluvial sediment in one major basin for each fjord
2. themodeofsedimentde liveryfrom land toocean
3. the thickness , extent, and age of sediment deposits of fluvia l origin in marine
4 a temporal resolution for palaeoenvironmental marine records in this area
Regional Setting
Study Area
The two fjords in this study (Nachvak Fjord and Saglek Fjord) are located in the
northern part of Labrador (Fig. I, 2 and 3). Nachvak Fjord, the northernmost fjord, isa
pristine , uninhabited fjord (Bentley and Kahlmeyer, 2008) and receives most of its
sediment from river catchments such as the glacierized McCornick River catchment.
Nachvak Fjord consists of three marine basins with water depths near 180 meters.
Nachvak Fjord offers the opportunity to study natural environmental conditions in the
fjords in northern Labrador . In contrast, Saglek fjord sediments have been influenced by
human activities (Richerol et aI., 2007). A major source of sediment to Saglek fjord is
Nakvak Brook (a non-glacierized catchment). Sediments in Saglek fjord have been
affected by produced wastes of a former military site and have been contaminated with
PCB's (Richerol et aI., 2007). Maximum water depth in Saglek fjord is near 300 m.
The inner shelf of northern Labrador is covered by land-fastsca icc for several months
each year and, farther offshore, drifting pack ice covers the shelf for 6-11 months each
year (Hall et aI., 1999). Large numbers of icebergs, from western and north-western
Greenland , and from the Canadian High Arctic, cause iceberg scouring as they drift
southward along the shelf in the Labrador Current (Hall etal., 1999), and are a possible
source for ice-rafted debris deposited in fjords in Labrador. The glacial landscape of
Labrador isa result of the action and retreat of the Laurentide Ice Sheet.lnthe
sedimentary record ofa small lake (Square Lake) in the catchment of Nakvak Brook
Clark et al. (1989) detected a distinct shift in the depositional environment accompanied
by an increase in organic matler around 8 kaBP, indicating ice retreat from the Saglek
Moraine. Remains of this ice retreat and the accompanying isostatic uplifl have exposed
deposits of thick till and glaciomarine sediments along the fjord coast (Syvitski eta!.,
1997). Climate model simulations show that the Labrador sector of the Laurentide Ice
Sheet was particularly sensitive to the abrupt changes in North Atlantic sea-surface
temperatures that characterized the last deglaciation (Fawcetl et a!.,1 997;H ostetleret a!.,
1999). This suggests that this area may show an equally strong sensitivity to climatic
changes at the present. Therefore, the lakes and fjords offer exce llent opportunities for
studies related to climate change.
Geology
Northea stern Labrador consists of the Archean Nain Province craton, an ancient
crustal mass > 600km long and :S 100 km wide (Wilton, 1996). The Nain Province has
been intruded by the Nain Plutonic Suite and separated into two parts: the Sag lek Block
to the North and the Hopedale Block to the South. The Saglek Block is comp lex high-
grade gneisses unconformably overlain by sedimentary and metasedimentary strata ofth e
Ramah Group, the rocks which form the landscape of Nachvak and Saglek Fjord. Ramah
strata consist of 1.7 km thick deposits of shallow-water siliciclastics over lain by deep-
water shales, carbonates and sandstones deformed into a north-tr ending fold belt (Wardle
1983).
Samp/e co//ection
Marine geo logical surveys and sampling were conducted from the M/V What's
Happening in the summers of2008 and 2009. Sed iment samples include five box cores in
each fjord in 2008 and five box cores in each fjord in 2009. Box cores were subsampled
on board for X-radiography, grain size analysis, and radio isotope geochronology. In
summe r 2008 sub-bottom profiles and sidescan sonar data were collected by using a
100/500 Hz sidescan sonar (Edgetech 4 100p) and a 2-16 kHz Chirp syste m (Edgetech
3200XS) . Mult ibeam bathymetry data were collected and initially processed by the
University of New Brunswick Ocean Mapping Group, with final comp ilation by Bell et
at. (2009). On land, stream flow measurements have been conducted in the two major
rivers (McCornick River and Nakva k Brook) using a hand held accoustic doppler
velocime ter. Stream stage was measured by using HOBO water level loggers that were
deployed in each stream for one year. Soil cores were collected close to river banks to
estima te the supply of 210P b to the land surface .
Radiogeoche mistry (210pb, Il7 e s)
For radiogeoc hemistry measurements the cores were extruded in I - 2 em interva ls
on board the ship and packed in airtight plastic bags fortransporttoStJohn's . lnthe
laboratory at MUN, samples were dried in an oven at around 90 DC, and then ground and
sealed in petri dishes. Water content and porosity were measured by weight loss in
drying. To measure the activity of 2IO Pb and 131Cs, dried samples were count ed for 24
hours on Canberra low-background planar gamma detector s. The natural radioisoto pe
210Pb is product of the U-se ries decay and has a half-li fe of 22 yea rs (Nittrouer and
Sternb erg, 1979) , while 131Cs, a product of nuclear fiss ion in nuclear reactors and bomb s,
has been dispersed globally in the environment since 1952 (Perk ins and Thom as, 1980).
Its half-life is 30.7 years. Correction for self-adsorption of 210Pb was done using the
method of Cutshall et al. ( 1983). Tota l 210Pb was determined by measurement of the 46 .5
keY gamma peak . Supported 210Pb (from decay of 226Ra within the seabed) was
determ ined by measurement of the gra nddaughters of 226Ra: 214Pb (295 and 352 keY) and
214Bi (609 keY) . The unsupp orted 210Pb (exce ss 210Pb) was determined by subtracting the
supported 210Pb from the total 21OPb. 131Csactivities were determined by measurin g the
662 keY peak directly.
Apparent sediment accumul ation rates (S, cm i l) were calculated, ass uming no
bioturbati on below the observed bioturb ation depth . Bioturba tion depth s were determined
by inflection points in 210Pb profile s, and by measur ing depth s of burrows visible in x-
radiograph s of the co res. If accumul ation is the dominant process and steady-state
condition sare assumed(e.g.,Nittrouer andSternberg,1981),mixingcan be ignored and
accumulation rates (S, ern y.l) can be estimated by a least squares fitt o:
A(Z) =A(o»)~l Eq. 1
where A. is the decay constant for the rad ionuclid e of interest (year") and A is excess
activity (dpmg ·1)at depthz (Nittro uereta l., 1984).
Anthrop ogenic I37Csca n be used as a second approach to calculatin g accumulation
rates and thus validat e the 210Pb" results. The sediment accumul ation rate can be
Eq.2
where Zp is the maximum penetration depth of IJ7Cs, Zb is the bioturb ation depth , tois the
yea r of sample coll ection and t, is the year IJ7Cs was introduced into the atmosphere
(Nittrou eret al.,1984).
The temporal resoluti on (T,) of the core ' s sedimentary record is controlled by
bioturbati on rate, SAR, and depth of bioturb ation . It can be estimated fromthe residence
time for a parcel of sediments within the region of the seabed influenced by bioturb ation :
Eq.3
where Lb is the depth of bioturb ation, estimated from x-ray images and 210Pb" profil es,
and S is thesedimentation rate (Wheatcrofte tal.,2 006).
Sedimentological analys es
For X-radiographic sampling of box cores, a three- sided Plexiglas tray (2. 5 cm
thick x 16 cm wide) was inserted vertically into the sediment and a fourth side was then
inserted into machin ed grooves with great care not to disturb the sedimentaryfabric.The
trays were sealed air tight with rubber and electrical tape for shipment. Slabs for X-
radiogr aphy were returned to the laborato ry at Memorial University, and imaged using a
Thales Flashscan 35 digital X-ray detector panel, illuminated with a Medison Acoma
PX l5HF X-ray generator . X-ray images were used to study sedimentary structures , which
is useful for interpretation of and correlation with radioisotope profiles (Bentley and
Nittrouer , 2003). Granulometric measurements were done with a HORIBA Partica LA-
950,usingalaserscatteringmethodwheretheinstrumentcorrelatesthe intensityandthe
angleoflightscatteredrromaparticle(Horiba,2006).
For basic stream flow measurements two pressure sensors (HOBO U20 Water
Level Logger) were deployed in the streams, one in Nakvak Brook and one in McComick
River. They were programmed to measure pressure and temperature in 30-minute
intervals and were recovered one year after deployment. Another HOBO U20 Water
Level Logger was deployed on land in St. John's Harbour in Saglek Fjord to measure air
temperature and atmospheric pressure . The Onset HOBOware Software Barometric
Compensation Assistant was used to create a water level/sensor depth series by
combining the barometric datasets from the HOBO U20 Water Level loggers in the
Additionally, stream discharge and velocity profiles were conducted in the summer
in both streams by using the SonTek Handheld Acoustic Doppler Velocimeter
FlowTracker . The FlowTracker measures the change in frequency of sound reflected off
particles in the water and uses the Doppler principle to determine stream velocity .
Measuring stream depth and velocity at different locations along a profile across the river
perpendicular to its stream flow allows measurements of stream discharge . Discharge is
computed by using the Mid Section Equation based on ISO/USGS procedures
(SonTeklYSI FlowTracker Handheld ADV Technical Manual, 2009).
Estimations offluvial sediment load
A digital elevation model for land surrounding each fjord was extracted from Space
Shuttle Topography Mission data (USGS, 2008). The DEM was then processed using
RiverTools and GIS Modeling software to outline terrestrial river drainage basins . These
data were then loaded into ArcGIS for analysis. These data were then used to estimate
fluvial sediment discharge, using the model ofSyvitski and Milliman (2007) for areas
wherebasin-averagedtemperatureofthedrainagebasinisbelow2't:
Eq.4
where Q, is the long-term sediment load (kg/s) , Q is freshwater discharge (krrr'zy), R is
maximum relief from sea level to mountain -top (krn) , A is basin area (km') , OJ is 0.02 and
B is an environmental factor accounting for important geological and human factors
(Syvitski and Milliman, 2007) . Freshwater discharge Q is defined as (Syvitski and
Milliman,2007):
Q =0.075Ao.8 Eq.5
And the environmental factor B is defined as (Syvitski and Milliman, 2007):
Eq.6
where I is a glacier erosion factor, L is an average basin-wide lithology factor, TE is the
trapp ing effic iency of lakes and man-made reservoirs so that ( I-Tel :::: I, and Eh is a
human-influenced soil erosio n factor (Syv itski and Milliman, 2007). For the lithology
factorL we use a value of 0.5 as ass igned by Syvitski and Milliman (2007) for basins
composed principally of hard, acid plutonic and/or high-grade metamorp hic rocks . The
sediment trapping term ( I-Tel is desig ned to vary between 0.1 for basins with high
quantity of man-made reservoirs and I for basins with no sediment trapping (Syvi tski and
Milliman, 2007) . We use the average value in the database of Syvitski and Milliman
(2007) of 0.8 for the term ( I-Tel. This reflects the lack of man-made reservo irs in the
study area but allows for natural sediment trapping (i. e. by lakes). For Eh we use the
value I as ass igned by Syvitski and Milliman (2007) for basins with low human footprint.
The glacier eros ion factor I is defined as:
1= 1 +0 .09A9 Eq.7
where Ag is the surface area of glaciers as a percentage of the drainage basin area
(Syv itski andMi lJiman,2 007) .
Estimation of21oPh supply to land surface
Soil cores were collected near river banks by using a hand auger of 10cmdiameter
with an approximate core depth of 60 cm. These cores were subsampled for
radiochemical analysis to determine long-term average 21°l'b supply to the land surface.
The cores were sliced in the Laboratory at MUN, dried, ground and sealed in petri dishes .
Activitiesof 210pb have been measured by counting the intervals for 24 hours on Canberra
low-back ground planar gamma detectors as above.
Profiles o f 2/oPb and 137Cs ge ochro nology (SA R)
210Pb and 137Cs activities are shown in figure s 4-6 . 2JOPb activity profil es of both
fjords show a characteristic shape with an inflection point at the baseofa mixed surface
layer due to bioturb ation and a logarithmic decrea se in activiti es below this point.
Sed iment accumulation rates (SAR) were ca lculated using Eqs. I and 2 as described in
3.2 for activities below the inflection point. 137Cs was used as a complem entary tool for
210Pb geochrono logy, using Eq. 2 to estimat e SAR . Tempor al resolution was calculated
for each fjord by using Eq. 3. In Nachvak Fjord SAR deriv ed from 210Pb (Eq. I) range
from 0.12 cm/y (WH0809 BCNI) to 0.52 cm/y (WH080 9 BCN5). In the profil e of
WH0808 BC3 (Fig. 4) a single inflection point cannot bc determin ed , In this core
activities decrease downw ard in a step-like manner . Bioturbat ion depth s in Nachvak Fj ord
range from 4 cm (WH0808 BC4, Fig. 4) to 9 cm (WH0809 BCNI , Fig. 6). Temporal
resolut ion ranges between 15 years (WH0808 BC4, Fig. 4) and 68 years (WH0809
BCN5 , Fig. 6). Where the maximum penetration depth of 137Cs was detectable , 137Cs
SAR is equal to or less than the 210Pb SAR .
In Saglek Fjord SAR der ived from 2JOPb activitie s range from 0.08 cm/y (W H0808
BCIO, Fig. 5) and 0.36 cm/y (WH0808 BCI2 , Fig. 5). Bioturbat ion depth ranges from 3
cm (WH0809 BCS2 , Fig. 7) to 9 cm (WH0808 BCII , Fig. 5). Temporal resolution ranges
from 12 year s (WH0809 BCS2 , Fig. 7) to 49 years (WH0808 BCIO, Fig. 5). Maximum
penetration depth of lJ7Cs was detectable in all cores from Saglek Fjord with SAR eJ7Cs)
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radioisotope activity graphs. The grain size graphs are divided into an area plot ,
where the dark grey is the clay fra ction in the core, light grey is silt and white is
sand, and a line plot , where the dashed line shows the mean grain size in the
core and the continuous line shows median grain size.
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activity are plotted in black. Trend lines in the 1/0 Pb activities show the result of
the least square fit to Eq. I , used to calculate SARs . SARs derived fro m 1/OPb and
/37Cs data and temporal resolution s are shown in boxes in the radioisotope
activity graphs. The grain size graphs are divided into an area plot , where the
dark grey is the clay fra ction in the core, light grey is silt and white is sand, and
a line plot , where the dashed line shows the mean grain size in the core and the
continuous line shows median grain size.
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Radio isotope and grain size plots of cores f rom Nachvakfjo rd, collected in
2009. Core locations can be seen in Fig. 2. /) 7Cs activities are plotted in red.
2 / 0Pb activity are plotted in black. Trend lines in the 2/0 Pb activities show the
result of the least squarefi t to Eq. I, used 10 calculate SARs. SARs derived fro m
210Pb and 1J7Cs data and temporal resolutions are shown in boxes in the
radioisotope activity graphs. The grain size graphs are divided into an area plot,
where the dark grey is the clay f raction in the core, light grey is sill and white is
sand. and a line plot, where the dashed line shows the mean grain size in the
core and the continuous line shows median grain size.
Fig. 7a
WH0809 BCS1
210Pb XSAC:I~ty ldPm/O)
Fig. 7b
Fig. 7c
Fig. 7d
WH0809 BCS3
137C~ Ach'trty (dpmfg)
WH0809 BCS4
•• l :
.: ~:~~~ ;:: , .: .: I:
.~r SAAI' 1C?t.t;
: /. : •.n c:""y 30
R.t....,.
SARln 1cs,
T,. 11.:I''I''
137C."ActIVlty(dpmlg )
O-l~:-~
'>
-==-
\
:>
-'
_-:.-=-...
' -
zo .,
j-::--";:/---:.-
-;:-1
Fig. 7e
WH0809 Bess
210PbXSAC I1IItly(dpmlg)
137C...Acti vity ldpm /g)
Fig. 7 Radio isotope and grain size plots of cores from Saglek fj ord. collected in 2009.
Core locations can be seen in Fig. 2. IJ 7CS activities are plotted in red. ] 10Pb
activity are plotted in black. Trend lines in the ] /0 Pb activities show the result of
the least square fit to Eq. 1, used to calculate SARs. SARs derived fro m llOPb and
IJ7Cs data and temporal resolutions are shown in boxes in the radioisotope
activity graphs . The grain size graphs are divided into an area plot. where the
dark grey is the clay frac tion in the core, light grey is silt and white is sand. and
a line plot, where the dashed line shows the mean grain size in the core and the
continuous line shows median grai n size .
Fig. 8 X-radiograph images of all box cores. The darker colour sedimen ts are less
dense. Overall the cores show mottled sedimenl with ice rafted debris (rocks) ,
shells and polychaeles lubes. Remnanl bedding is visible in core WH0808 BC7
and ice rafted debris is pa rlicularly abundanl in core Wfl0808 BC /0 .
Granulometry
Sediments of all eores are generally fine grained with silt as the dominant size
fraction (Fig. 4, 5, 6, 7). In Nachvak Fjord mean grain sizes range between 8 and 40
microns and in Saglek Fjord between 8 and 36 microns. The mean grain size for the
marine basin in Nachva k Fjord is around 17 microns, with 19 microns close to the mouth
of McCornic k River and 15 microns in the centre of the marine basin. In the marine basin
ofSaglek Fjord the mean grainsize is around 16 microns, with 22 microns close to the
mouth of Nakvak Brook and 15 microns in the core at greatest distance from the river
X-Radiographs
X-radiogra phs of all cores show generally mottled sediments containing varying
quantities of shells and shell fragments, polychaetes tubes, and ice rafted debris (IRD)
(Fig. 8). In the cores of Nachvak Fjord neither physica l sedimentary structures nor
remnants of them are visible. A few cores contain burrows that are open to the sediment
surface and can be used to estimate bioturbation depth (i. e. WH0809 BCN I and WH0809
BCN4). The cores contain IRD ranging from 0.1 cm to 2.5 ern in diameter. Shell
fragments are evident (i.e, WH0809 BCN3) but not abund ant.
In the cores ofSag lek Fjord some remnants of sedimentary layering are visible
(WH0808 BC7, Fig. Sa; WH0808 BCII , Fig. 5c; WH0808 BC I2, Fig. 5d). Differences in
colo ur and therefore density in core Wl10808 BC7 between a depth of 6 and II cm
suggest remnant cross bedding that seems to be truncated at the baseata depthof l l ern.
Cores WH0808 BCII and WH0808 BC12 both show areas of darker colour (thus less
dense material) between depth s of 7 and 17 ern, suggesting a remnant of a sedimentary
bed that contained less dense material (i.e. more mud) than the beds above and below.
Cores from the marine basin of Saglek fjord contain IRD in varying abundance. IRD is
less abundant in core WH0809 BCSI and significantly abundant in core WH0808 8 C10.
The uppermost 8 cm of core WH0808 BCIO consist of about 70% IRD ranging in
diameter from 0.0 I cm to 3 cm. Shell fragments and polychaete s tubes are more abundant
in cores from Saglek fjord compared to cores from Nachvak Fjo rd (i. e. WH0809 S4).
Inventorieso f i ' [Pb
Terrestrial soil inventories of excess of 210Pb were determined for soil cores to
estimate atmospheric flux of 21oPb to the land surface in the two fjords:
Eq. 8
where I is the inventory, A; is the activity and m, is the total dry massofsoi l in that depth
interval, andSisth e surface areaofthat core.
Inventories of 210Pbin sedimentcanbecalcuiatedasaproduct ofdepth-integrated
210Pb activity and dry bulk density by using the followingequation (Muhammadetal.
2008):
Eq.9
where I is the inventory (dpmlem2),p, is the mineral density (g/cm') , LIz is the thiekness
of the sample interval i (em), qJ is the porosity, and A is the exeessaetivity Of 210Pb
(dpm/g).
From the inventories we ealculated the annual tluxofexeess 2lOPbby (Duesseleret
aI. 1985):
Eq. IO
where F is the annual tlux (dpm em·2 y"') required to support the inventory at steady sate
andAistheradioaetivedeeayeonstantfor 21°Pb(O .031y"1).Wedid the same ealeulati ons
for soil eoresand sediment eores and eompared the resulting tluxes.
Inventories and flux es of 210Pbfor box cores fro m Nachvak Fjord
210Pb lnvent ories
NachvakFjord
21G-Pb
F(Flux)
Inventories R=F/T
(dpm/cm2) (dpm/cm
2y)
BCl 15.27 0.47 0.65
BC2 16.64 0.52 0.71
BC3 16.76 0.52 0.71
BC4 15.89 0.49 0.67
BC5 20.25 0.63 0.86
BCN1 23.32 0.72 0.99
BCN2 24.25 0.75 1.03
BCN3 23.75 0.74 1.01
BCN4 17.87 0.55 0.76
BCN5 19.11 0.59 0.81
19.31 0.60 0.82
3.24 0.10 0.14
T (Theoret ical Flux)
based on soil core 2C
Inventories and flux es of 2/oPbfor box cores from Saglek Fjord
21OPb lnve nto ries
Saglek Fiord
BC7a
BClO
BCll
BC12
BC13
BCSl
BCS2
BCS3
BCS4
BCS5
21o-Pb F(Flux)
Inve nto ries 2
(dpm/cm2) (dpm/cm y)
22.35 0.69
18.16 0.56
18.26 0.57
28.92 0.90
13.35 0.41
18.49 0.57
25.38 0.79
30.15 0.93
23.75 0.74
19.31 0.60
21.81 0.68
5.02 0.16
R=F/T
0.949285
0.771091
0.775531
1.228121
0.56691
0.785264
1.077913
1.280227
l.()()8498
0.819817
0.93
0.21
T(TheoreticaIFlux)
based on so il co re 2C
In Nachvak Fjord 210Pb inventories in sediments range from 15.3 to 24.3 dpm/cm/,
and annual flux required to produce this inventory was 0.47 to 0.75 dpmcm·2 y"' (Table
I). In Saglek Fjord 2,oPb invento ries in sedime nts range from 13.4 to 30.2 dpm/cm' , and
annual flux of excess 2,oPb ranges from 0.4 1 to 0.93 dpm em" y"(Table 2). The
theoretica l fluxof 2,oPb supplied fromtheatmosphere tothe land surfacewasestimated
from 210Pb inventor ies in soil cores. One of the soil cores appeared to capture the 210Pb
atmospheric falloutefficicntly enough to support the global range of annual deposition
fiuxesof excess 2 IOPbof0 .3 -0.9dpm/cm2y asreported by Appleby and Oldfield (1992).
The result for the flux of this soil core is 0.73 dprn/crrr'y and will be used in the following
discussion asthetheoreticalfiuxforthe annualdeposition ofunsupported 210Pb in the
study area.
Extent and thickness of postglacial sediment
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Fig. 9 Compilation of sub-bottom profil es and bathym etry data in Nachvak Fjord.
Upper part shows close-ups of profiles with approximate coring locations.
Middle part shows a profile line through the entire basin with interpretations
about postglacial marine sediment thiekness. The geographical loeation <ifthis
line is shown in the lower part.
Fig. 10 Compilation of sub-bottom profiles and bathymetry data in Saglek Fjord. Upper
part shows close-lips of 'profiles with approx imate coring locations. Middle part
shows a profile line through the entire basin with interpretations about
postglacial marine sediment thickness. The geographical location of this line is
shown in the lower part.
Figures 9 and 10 display cross-sections of the entire basins in each fjord and have
been used to map the thickness of postglacial sediment. The first strong reflector in the
sub-bottom profiles is interpreted to represent the latest glacial deposits and therefore the
onset of postglacial marine sedimentation. Approximate core locations are projected onto
each line to display the general sub-bottom conditions in thevicinity of each core (Fig. 9
and 10). In Nachvak Fjord (Fig.9) the profile cuts through the entire basin and across the
sill to the West. From as little as 30 meters water depth at the sill in the West the seafloor
descends steeply for approximately one kilometer and then with a low gradient for
another 1.5 kilometers until the seafloor becomes flat ata water depth of around 164
meters . The sediment evident in Nachvak Fjord data appears as a continuous and
homogenous unit throughout the basin. Its thickness ranges from 10 meters in the centre
to 13 meters on the eastern side of the profile. In Saglek Fjord (Fig . 10) the profile
stretches from close to the mouth ofNakvak Brook in the West to deep in the basin at its
eastern end . It shows that the basin is relatively flat at a waterdepthofaround245 meters
except for one depression at the centre which is 250 meters deep . The youngest
sedimentary unit in Saglek Fjord seismic data appears homogenous with an average
Stream flow characleristicsandseasonal water level changes
Data derived from the HOBO water level loggers show tempera ture and water level
changes for both McCornick River and Nakvak Brook from August 2008 to August 2009 .
For the time span where the water temperature falls below 0 °C, water is assumed to be
frozen and not flowing.
In MeCornick River water temperature s fell below 0 °C in mid-November 2008 and
returned to temperatures above 0 °C in late March 2009 (Fig. II ). Highest temperatures
appear in late July/early August up to 15 °C and fall and rise in a gradual manner.
Becausethewaterl evellogger wasd eployed on theriverbed , sensord epth can betaken
as equ ivalent to water level. In McCornick River water level peaked as high as 1.4 m with
a rapid rise from 0.8 m in late August and a rapid fall in early September back to 0.8 m. A
smaller peak can be seen in early November, with a rise from 0.6 m to 0.9 m. The next
distinct peak appears in late June up to 1.25 m,with a rise from 0.5 m in beginning of
June and a fall in water level to 0.5 m in late July. A small peak can be seen in late
July/eariy August to awaterl evel ofO .7m .
In Nakvak Brook the highest water temperature of 18.5 °C was measured in early
August (Fig. 12). It decreased relatively gradually thereafter and increased relatively
gradually from mid-Jun e to early August to 15.5 0c. The time span for water
temperatu res below 0 °C is longer compared to the time span in McCornick River. Water
temperatures in Nakvak Brook were below 0 °C from early Novembe r 2008 to early June
2009. Water level peaked in late August to 1.1 m with a rapid increase from 0.3 m in
early August and a rapid fall to 0.55 m in early September. Water level remained around
0.3 to 0.5 m until early November. After water temperatures returned to above 0 °C, the
waterlevel startedtorisein earlyJunefromO.5mto 1.25 m in late June, and alternated
between 0.7m to 1.2 m until a fall to 0.5 m in late July. A smaller peak can be seen in
early August at 0.85 m.
HOBO Water level logger Measurements
Me Cornick Rive r
Augu~2009
Fig. II Temperature and water level data f rom water level logger in Nakvak Brook fro m
August 2008 to August 2009. Data fo r the time span where water temperatures
fe ll below zero has been excluded (shaded areas).
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Fig. 12 Temperature and water level data fro m water level logger in McCornick River
fro m August 2008 to August 2009. Data fo r the time span where water
temperatures fe ll below zero has been excluded (shaded areas).
Accous tic Dopp ler Velocimeter measurements in McCorn ick River
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Fig. 13 Water discharge and velocity measurements and depth profile of McCornick
River
Accoust ic Doppler Velocimeter measurements in Nakvak Brook
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Fig. 14 Water discharge and velocity measureme nls and depth profile of Nakvak Brook
Results from measurements with the Acoustic Doppler Velocimeter provide a depth
profile of the river, as well as stream velocity measurements and discharge measurements
along the profile. The results for McCornick River show that the river is about 20 m wide
close to the river mouth (Table 3 and Figure 13). Stream velocities range between 0.1 mls
at the outer edges and up to 0.8 mls at the deepest point of the profile. Total water
discharge is around 4 ml/s. Nakvak Brook is 45 m wide close to the river mouth with
stream velocities ranging from 0.03 mls at the outer edges to 0.54 mls in the middle of the
profile (Table 4 and Figure 14). Tota l water discharge is 11 ml/s.
The sediment accumulation rates compare well with findings in other fjords, such as
Effingham Inlet (Vanco uver Island, Canada): 0.25cm/y (Dallimore and Jmieff, 20 10) and
Ameralik Fjord (SW Green land): 0.2 cm/y (Ma ller et al., 2006) . Fjords such as Inner
Barsnesfjord (western Norway): 0.85 cm/y (Paetze l et al., 20 10) and Maxwell Bay (West
Antarctica): 0.74 cm/y (Hass et al., 20 10) show higher sedime ntation rates, while fjords
such as Nordasvannet fjord (weste rn Norway): 0.04 cm/y (Paetzel et al., 1994) show
lower sed imentation rates. The sediment texture (mainly homogenous with evidence of
bioturbat ion), as well as the fine grain size, and the occurrence of ice rafted debris
compare well with sedimentary studies in other fjords. For instance, the sediments of
Ameralik Fjord, SW Green land (Meller et al., 2006 and Seidenkrantz et al., 2007), as
well as Maxwell Bay, Antarctica (Hass et al., 2010), and fjords on the mainland of British
Columbia, Canada (Dallimore and Jmieff, 20 I0) contain about 70% fine grained sediment
(silt to clay), that is mainly homogenous and with traces of bioturbation. The main
difference with other fjord sediments lies not in the grain size but rather in the
preservation of physical structures. In fjords where water exchange is restricted and
bottom waters are anoxic or dysoxic , sediments often preserve physical structures and
annual laminations. This is the case in fjords on Vancouver Island (Dallimore and Jmieff,
20 10) and in parts of the sediment cores from Icy Bay, Alaska (Jaegeret al., 1999), as
opposed to the homogenized sediments in Nachvak and Saglek Fjord that have been
deposited under oxic conditions.
Sediment dispersal and budget
Fig. 15 Sediment budget map in Nachvakfjord using MAR values to show the dispersal
of sediment in the marine basin. MAR values are divided in three regions and
reflect a depositional centre where sediment accumulation is highest.
Fig. 16 Sediment budget map in Saglek fford using MAR values to show the dispersal of
sediment in the marine basin. MAR values are divided in three regions and
reflect one major depositional centre in the centre of the basin where sediment
accumulation is highest.
In order to map the sediment dis persa l within the mar ine basin , mass acc umulation
rates (MAR) were calculated based on SARs, average co re porosity (<1» , and sediment
density (p,) assumed to be 2.65 g cm'} (Mu hamma d et al. 2008) :
MAR = ( 1-<1» p, SAR Eq. 11
MAR values have been divided into three reg ions and contours have been drawn by
extrapo lat ing between the values at each core location and assuming the MAR values at
the fjord edges to be 0 (Fig. 15 and 16). In both fjords the sediment is accumulating in
depositional centres in the centre of the basin. No obvious relations hip between these
depositional centres and bathymetry iscvident.ln Nachvak Fjord there is one distinct
depositional centre with a MAR value as high as 0.29 g/cm2y (Fig. 15 and Table 5).
Whereas, in Saglek Fjord there is one larger depositional centre with MAR values as high
as 0.18 g/cm2y and two smaller regions with MAR values greater than 0.1 g/cm2y to each
side (landward and seaward) (Fig. 16 and Table 5).
Sedimentary processes in fjords often experience down-fj ord gradients (Jaegeret
al., 1999),which is also the case with the grain-size distribut ion inNachvakandSaglek
fjords. Generally, the mean sediment grain sizes are coarser close to the river mouth in
both fjords; however there is neither a relationship with bathymetry nor with MAR
values. Other studies show that a down-fjord trend in the dispersal of sediment is not
necessarily true for every fjord, as is the case in Nachvak and Saglek Fjo rd, where the
sediment is focused into depositional centres as opposed to decreasing gradually down-
fjord. This compares well with findings by Yoon et al. (1998) , who show that the
horizontal distribution of suspended sediment in Maxwell Bay (Antarctica) does not show
any systematic down-fjord decrease in concentration as might be expected if the dom inant
source of sediment discharge is at the fjord head. This might suggest that in theseareas
down-fjord gradients, such as salinity, and related processes, suchas flocculati on, might
not be significantly pronounced .
Results f rom laboratory analyses and radioisotope geochronology fo r
Nachvak and Suglek Fjord
Radiochem istryResults-Ov erview
5AR(21D-Pb) (cm/ y)
Average Porosity
SAR(21D-Pb) (cm/ y)
Average Porosity
MAR(g/cm'y)
Ave rage Grainsize (mi crons) 18.73
0.66
MAR(g/cm'v ) 0.11
Average Grainsize (m icrons) 18.16 22.05
BC5 BCNIBCN2BCN3BCN4BCN5
0.18 0.15 0.190.19 0.16 0.12
0.81 0.80.76 0.75 0.75 0.78
0.09 0.08 0.12 0.13 0.11 0.07
15.38 16.02 15.27 16.82 18.86 15.75
BC51 BC52BC53BC54 BCS5
0.270.280.250.330.32 0.22
0.89 0.83 0.83 0.85 0.84
0.08 0.11 0.15 0.13 0.09
14.58 12.7115.1515.96 16.34
In order to put the values of sediment dispersal in a broader spatiaI and temporal
context , a sediment budget was created . This becomes a quantitative statement of the
relations between sediment production , transport, storage and permanent burial for a
sediment dispersal system (Sommerfield et aI., 2007). To do this, the main source and
sink terms have to be identified . For quantifying the source term, estirnates for the fluvial
sediment loads entering the marine basins were generated from Equation 4 (Table 6). In
Nachvak Fjord, and in add ition to the primary drainage basin of McCornick River (Fig.
2),14 smaller drainage basins have been taken into consideration (Fig. 2). Maximum
relief and area of the drainage basin have been determined by using a digital elevation
model in ArcGIS . The drainage basins vary in size from 1.1 km' (drainage basin G) to 77
km2 (drainage basin A), and in maximum relief from 592 m (drainage basins K and N) to
1408 m (drainage basin E) (Fig. 2). For drainage basin A and B, a glacier erosion factor
(l) has to be considered as defined by Equation 6. Overall , resultsfor Equation 4 suggest
that a long term sediment load of approximately 7,800 t/y isentering the marine basin of
Nachvak Fjord (Table 6). In Saglek Fjord eight drainage basins have been taken into
consideration as sources for sediment delivered to the marine basin ofSaglek Fjord,
including the major drainage basin of Nakvak Brook (Fig. 3). Drainage basin areas range
from 1.82 km2 (drainage basin F) to 809 km2 (drainage basin A), and maximum relief
ranges from 865 m (drainage basin C) to 1370 m (drainage basin A). Because there are no
glaciers present in the river catchments draining into Saglek Fjord, the glacier erosion
factor I is considered to be I. Overall, Equation 4 model results forSa glek Fjord suggest
that a long term sediment load of approximately 19,800t/yisenteringthemarinebasinof
SaglekFjord(Table6).
Estimatesfo r supplied and deposited sediment load in Nachvak and Sag/ek
ffords .
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The sink tenn for the sed iment budget was quanti fied using the burial flux method
by Nittro uer (1978), which is based on MAR and the dispersal over a certain area:
Mf =MAR xA Eq. 12
where MAR is the average mass accumulation rate for the marine basin, and A is the area
of the marine basin. Average MAR values were determined by averag ing over MAR
values for all box cores in the relevant basin from Table 5. The area of the marine basin is
estimated by measuring the dimensions (width and length) of the basin restricted by the
coastline in ArcGIS. The average MAR for Nachvak Fjord of 1200 t/km2y and an area of
32 km2 yield a sedime nt load of approximately 39,000 t/y that is being deposited in
Nac hvak Fjord (Table 6). In Saglek Fjo rd, the average MAR of 1100 t/km2y and an area
of39 km2 yield a sediment load of approx imate ly 43,000t/y that is beingdepositedin
SaglekFjord( Table6) .
Comparing source and sink terms gives information about sediment transport
processes. Comparing the modeled sediment load of7,800 t/y delivered by rivers with the
deposited sediment load of 39,000 t/y in Nachvak Fjord shows disagreement between
modeled and measured flux (Table 6). In Saglek Fjord a sediment load of 19,800 t/y is
modeled to be delivered by rivers and 43,000 t/y of sed iment are being deposited,
implying that 220% of the modeled sediment is being deposited in the studied marine
basin of Saglek Fjord (Table 6). Because the model is accurate within a factor of two, the
resultforSaglek Fjords uggests that thesed iment delivered byrivers is entire ly trapped in
the marine basin ofSaglek Fjord and only minor additional sediment sources may exist.
The results for Nachvak Fjo rd arc beyond the accuracy threshold 0 fth emodel and may
have two implicat ions: a)th e catchments ofth e riversdraining intoN achvak Fjordh ave a
much higher sediment yie ld than suggested by the model (263 tlkm2y in Nachvak Fjord as
opposed to sed iment yie ld in Saglek Fjo rd of 47 tlkm2y; Table 6), and/or b) there are
major sediment sources additional to the fluvial sediment supply in Nachvak fjord.
During fieldwork the presence of glaciomarine terraces has been observed, particularly
near the mouth of McComick River. It is most likely that the river is cutt ing into these
terraces, and is eroding and thus carrying a higher amount of sand and mud than predicted
by the model. Moreover , in compar ison to the marine basin of Saglek Fjord, which is very
well protected from oceanic influences by a relatively shallow sill,the marine basin of
Nachvak Fjord lacks any distinct separation from the basin seaward of the basin studied
in this paper. This allows for the possibility of sediment transport from the ocean,
especially during storrn events, and due to tidal exchange. This ,however, is contradi cted
by the relatively high measured sediment yield to Nachvak Fjord, with respect to
measured sedime nt deposition.
Milliman and Syvitski (1992) discuss factors controllin g fluvial sediment
discharge and emphasize the importance of drainage basin sizcand topography. Based on
sediment load and sediment yield data for 280 rivers they created a baseline for the
variations of sediment yield with basin area for seven topographic catego ries of river
basins (high mountain; mountain Asia-Oceania; mountain N/S Amer ica, Africa, alpine
Europe; mountain non-alpine Europe, high Arctic; upland; lowland; coastal plain).
Genera lly, the greater the drainage basin area the lower is the sediment yield. This is
consistent with our results for McComi ck River (sediment yield: 263 tJkm2y, drainage
basin area: 150 km2) and Nakvak Brook (sediment yield: 47 tJkm2y, drainage basin area:
905 km2) . Howeve r, the measured sediment yields for these two rivers are lower than the
sedime nt yields that would be predicted from the baseline after Milliman and Syvitski
(1992) for upland rivers (-4000 tJkm2y for Nachvak Fjord and - 850 tJkm2y for Saglek
Fjord).
Comparison of modern sediment accumulation and postglacial sediment thickness
The relationship between modem SARs and postglacial sedimentation can be
discussed by comparing SARs to the thickness of the postglacial marine sediment
determined in sub-bottom profiles (Fig . 9 and 10). Assuming that sediment accumulation
was on average constant during the Holocene with sedimentation rates comparable to
modem SARs, one can estimate the thickness of Holocene sediment and compare it with
the actual thickness in the profiles. It has to betaken into account that sediments have
been compacted during the Holocene. A compaction ratio can be calculated using the
following equation :
compaction ratio = (Vw2+V,)/(Vw1+V,) Eq.13
where V, is the volume of sediment, which is assumed to stay constant during
compaction , Vw1 is the volume of water before compaction , and Vw2 is the volume of
water after compaction. In order to determine Vw2 we used a porosity of postglacial
sediment of 0.7 in Nachvak Fjord and 0.79 in Saglek Fjord, derived from long cores taken
in the area . We used the following equation :
Eq.14
After applying these equations we were able to estimate the thickness of postglacial
sediment by multiplying SARs with the calculated compaction ratio and the time since
onset of postglacial sedimentation (8,000 y BP, Clark et al., 1989). Clark et al. (1989)
studied a sediment core from Square Lake, which lies within the Nakvak Brook
watershed in the southern Torngat Mountains . They identified a lower unit contai ning
normally graded, distinct couplets, genera lly uniform laminae thicknesses, and low
organiccontents,whichhasbeen interpretedasciassicalg lacial varves by Ashley (1975),
Smith (1978) and Leonard (1986) (cited in: Clarketal., 1989). Moreover , the low pollen
concen tration, the large number of reworked pollen grains, the low percentage of organic
matter, and the absence of diatoms also indicate the presence of nearby ice (Clark et aI.,
1989). A transition zone from the lower glacial unit to the overly ing unit suggests a
significant environmen tal transitio n, indicated by the riseof pollenconcentrationsand the
first appearance of diatoms. A radiocarbon dateof7950 ± 100 years BP at the base of the
unit overlying the glacial unit provides a minimum age fordeg laciationofca.8000years
BP(Clarketal. 1989). Josenhans and Zevenhuizen (1989) provide radiocarbon agesfrom
in situ shells in marine sediments, which also suggest an ageof8000 years BP at the base
of the postglacial sequence on top of underlying glaciomarine sediments (cited in Clark
and Jose nhans, 1990).
The average estimated th ickness of postglacial sediment inNachvak Fjord is 12.3
meters and the observed average thickness from sub-bottom profiles is 11.5 meters (Table
7). These values com pare well and suggest that average postg lacial sedimentation in
Nachvak Fjord has been constant or slightly increasing. In Saglek Fjord the average
sub-bottom profiles is 9.9 meters (Table 7). This suggests that postglacial sedimentatio n
wasonaverage 40% less than recent sediment accumulation and has been increasi ng
since the onset of postglacial sedimentat ion. This compares well with other fjord studies .
For example, Paetzel et al. (20 I0) found a maximum sed iment thickness of 100 meters in
Inner Barsnesfjord (western Norway) , which is 10 times thicker than in Nachvak and
Saglek Fjord, but compares well with high sediment accumulation rates of 0.85 cm/y in
Inner Barsnesfjo rd.
Estimates for postglacial sediment thickness based on SARfro m boxcor es
:~~:::Sd(~locene sediment 15.54 10.36 14.25 26.06 11.31 11.73 16.19 21.37 18.29
Basinwideave rage estlmat edpos ta1aclal wdime ntth lckness(m)
Average postglacial sedimentt hlclmessfrom sub-bottom prof ile (m)
To discuss the tlux of 21OPbin the sediment and the atmospheric source of 2lOPb
the ratio between the core-calcul ated tlux (F) (required to support the sediment inventory)
and the atmospheric tlux estimated from soil core 2C (T) (Tables I and 2) was calculated
acco rding to an equation prop osed by Muhamm ad et al. (2008):
Eq.15
If R is I, an equal amo unt of 210Pb produced in the atmosphere is deposited in the
sediment. A valueof Rg reater than I sugges ts focusingandJor iatera li mportof 2lOPband
a value of R smaller than I sugges ts Iateral export of i '' Pb. Forboth Nachvak and Saglek
Fjo rd the values ofR are around I,with mea n values of 0.82 and 0.93 (Ta bles I and 2),
respect ively. Th is suggests that the amount of 2lOPb depos ited in the marin e sedimentsof
Nac hvakandSaglekF jo rd is ciose to theamountof 2lOPbsupplied from the atmos phere .
This implies thatthescaveng ingrateof thesedimentary particles depositedi n themarinc
basins in these areas is efficient enough to support an approximate eq uilibriumbetween
the atmosphericsupplyof 21OPb anditsuptake anddeposit ionin the marine sediments of
Nachvak and Sag lek fjords . This compares well with the findings above that have
demon strated that the marine basins examined in this paper are efficient sediment traps .
Radiochemica l ana lyses of soft sediment samples have given some insight into the
dispersal of sediment within Nachvak and Saglek fjords. The sediments are generally
mottled and consist of silt and clay. Sed iment accumulation rates are 0.12-0.52 cm/y in
Nachvak Fjord and 0.08 - 0.36 cm/y in Saglek Fjord with temporal resolutions ranging
from 15 - 68 years in Nachvak Fjord and 12 - 49 years in Saglek Fjord. Mass
accumulation rate values suggest that the majority of the sediment is accum ulating in the
centreof the basins.Comparing thesediment load depositedinthe basin and the modeled
sediment load supplied to the basin by rivers shows that 500 % and 220 % of the modeled
sediment load is accumulating in the marine basin of Nachvak and Saglek Fjord,
respectively. This implies that both marine basins are exce llent natural sediment traps, as
hypothesized, andthati n Nachvak Fjord sediment sources addi tionalto rivers exist and/or
that the river catchments draining into Nachvak Fjord have amuchhi gher sediment yield
as compared to Saglek Fjord. Recent sediment accumulation rates in Nachvak Fjord
compare well with postglacial sediment thickness observed in sub-bottom profiles,
suggesting that postglacial sedime ntation was on average constant. In Saglek Fjord recent
sediment accumulation rates are higher than average postglacial sedimentation, which
implies that average sediment accumulat ion hasbecn increasing after onset of postglacial
sedimentation. Values for 210Pb inventor ies measured in the marine sed iments support an
approximate equilibrium between the atmospheric supply of 210Pb and its uptake and
deposition in the marine basins of Nachvak and Saglek fjords, which is consis tent with
the finding that these basins are exce llent natural sediment traps.
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Summary
As part of a baseline ecosystem study of the Torngat Mountains National Park, the
objectives ofthis thesisweretomap thedi spersaloffluvi al scdiment in one major basin
in Nac hvak and in Saglek fjord, to study the mode of sediment delivery from land to
ocean, and to acquire a temporal resolution for palaeoenv ironmental marine records in
Methods used to ach ieve the object ives included:
Collection of soft-sediment samples (box cores) in the fjords, and subsequent
analysis for X-radiography, grainsize, and radiochemical analysis (based on
" oPb and 137Cs)to date the sediment, estimate sediment accumulation rates and
to study the mode of sediment deposition.
Conducting and analyzing sub-bottom profiles and bathymetry data to estimate
- Measuring stream flow in summer by using a hand held accoustic doppler
velocimeter, and stream stage by using a HOBO water level logger deployed in
each stream (Nachvak Brook and McCornick River) for one year.
- Collection of soil cores near river banks by using a hand auger to determin eth e
long-term average supply of the radioisotope "o Pb to the land surfaceo
that sediment accumulation rates are on average 0.21 cm/y in Nachvak fjord
and O.26cm/y in Saglek Fjord with temporal resolutionsranging from 15 - 68
yea rs in Nachvak Fjor d and 12 -49 years in Saglek Fjo rd. The sediments are
mottled and fine gra ined (mainly silt). Putting values for sedimentation rates in
a spatial context suggests that the bulk of the fluvial sedimenti saccumulating in
- that postglacial strata deposited in the basins of Nachvak and Saglekfj ords are a
generally homogenous with a thickness of around 10 meters. Observations from
sub-bottom profiles suggest that in Nachvak Fjord recent sediment
accumulation compares well with postglacial sediment thickness; while in
Saglek Fjord average sediment accumulation has been more rapid for the past
- 100 years as compared to sedimentation averaged over post-glacialtim e.
- that water levels of McCornick River and Nakvak Brook peak in late August
and in June/July; and McCornick River and Nakvak Brook discharge 4 mJ/s and
11 mJ/s,r espectively,inthe summer.
This thesis provides baseline data on sediment properties, sedimentation rates,
possible sourcesforthesediments andmarinedepocentresin Nachvak and Saglek Fjord,
and will be useful in studying changes in the marine ecosystem. Information on grainsize
is important, because a high percentage of clay minerals increases the adsorptive capacity,
result ing in sediments with large quantities of adsorbed nutrients, trace clements, or
pollutant s.lnfonn ation on freshwater and sediment discharge from land to the ocean is
important, because changes in salinity or sediment supply (L e. through changes in fresh
water inflow) can disturb the regime to which the marine organisms are adapted.
Moreover, information on marine sedimentary depocentres is important, because the high
sediment trapp ing efficiency of silled basins also results inexc ellent pollution sinks.
This thesis will contribute to ongoing studies in the Tomgat Mountains National
Park. The results on sediment properties and sources will contribut e to the benthic habitat
mapping in the fjords, and help as a baseline for monitoring the marine ecological
integrity in the fjords. Infonnati onon fluvial sediment delivery and its dispersal in the
marine basin will help to assess where potentially hazardous material from land wi ll
accumulate. The dispersal of sediment and burial rate will contribut e to studies on the
dispersal and fate of PCBs buried in fjord basins .
This thesis can also be used as a baseline for future sedimentological studies in the
fjords. These might include palaeoenvironmental studies using long cores. Bathymetry,
sub-bottom profiles, infonn ation on recent sediment accumulat ion and dispersal presented
in this thesis can be helpful in choosing adequate coring locations and asa reference point
for recent sedimentologica l conditions in comparison with palaeoenvironmental findings.
Appendix A
Radiochemistry Data for Box cores 2008
Explan ation
Appendix A contains the extended resu ltsof"OPb" and 137Cs analyses performed on box
cores collected in 2008 from Saglek and Nachvak Fjord , northern Labrador. The tab les
list the activities of " OPb,otal (dpm/g), 210Pb""" (dpm/g), and 137Cs (dpm/g) and
associated errors for each depth interval. Tota l 210Pb was determined by measureme nt of
the 46 .5 keY gamma peak . Supported 210Pb (from decay of 226Ra within the seabed) was
determined by meas urement of the granddaug hte rs of 226Ra: 214Pb (295 and 352 keV) and
214Bi (609 keV). The unsupported 210Pb (exce ss 2lOPb) was determined by subtracting the
supported 210Pb from the tota l 210Pb. 137Csactivitie s were deter mined by measuri ng the
662 keV peak directly .
Appendix I
Core name : WH0808 BCl
Depth 210PbtotaiAetivity 210Pbell:essActivity 210PbeJ((ess Error 137CsActivity 137CsError
(em) (dpm/ g) (dpm/ g) (dpm/g) (dpm/g) (dpm/g)
0.5 6.BB 5.84 0.31 0.41 0.07
1.5 6.76 5BB 0.30 0.55 006
25 6.76 5.80 0.28 0.56 0.06
3.5 6.42 5.54 0.26 0.48 0.06
4.5 6.40 5.62 0.29 0.49 0.06
5.5 5.50 4.69 0.32 0.38 0.07
6.5 5.17 4.46 0.27 040 0.06
7.5 3.94 3.12 026 0.52 006
8.5 3.19 2.47 0.25 0.42 0.07
9.5 3.35 2.67 0.25 0.39 0.06
Radio ehemi st ryD ata
Core name:WH 08088 C2
Depth llOPbtota lAetivity 210PbelUssActivity 21oPbellUSS Error 137CsAetivity 137CsError
(em) (dpm/g) (dpm/g) (dpm/g) (dp m/ g) (dpm/g)
0.5 6.43 5.64 0.30 0.36 0.06
1.5 6.02 5.23 0.31 0.42 0.06
2.5 6.07 5.08 0.32 0.41 0.07
3.5 6.02 5.21 0.29 0.36 0.06
4.5 6.12 5.16 0.30 0.46 0.07
5.5 5.27 4.50 0.29 0.41 0.06
6.5 5.79 5.01 0.33 0.28 0.07
7.5 5.34 4.63 0.29 0.44 0.06
8.5 4.33 3.80 0.27 0.43 0.07
9.5 3.53 2.87 0.25 0.50 006
11.0 2.52 1.75 0.21 0.31 0.06
130 1.80 0.95 0.15 0.00 0.00
15.0 2.57 1.79 0.21 0.00 0.00
Appendix
Radioeh emi stryD ata
Corename: WH0808 BC3
Depth 210PbtotaiAetivity 21°PbellCess Aetivity 21°Pbexuu Error 137CSAetivity 137CsError
(em) (dpm/g) (dpm / g) (dpm/g) (dpm / g) (dp m/ gj
0.5 698 6.05 034 0.59 0.07
1.5 6.99 6.11 0.32 0.49 0.07
2.5 5.93 5.00 0.32 0.47 0.07
3.5 6.20 5.18 0.30 058 0.07
4.5 6.51 5.37 0.30 0.38 0.07
55 5.52 4.71 0.30 0.42 0.07
6.5 5.68 4.84 0.28 0.68 0.06
7.5 4.68 3.70 0.26 0.51 0.06
8 5 5.05 4.17 0.26 0.47 006
9.5 4.80 4.09 0.28 0.61 006
11.0 3.23 2.59 0.24 0.34 0.05
13.0 3.62 2.92 0.25 0.30 0.06
Radio chemi stry Data
Core name : WH080ll BC4
Depth 2l0Pbtot1ll Aetivity 210PbeOlCeu Aetivity 21°Pbe.cessError 137CsActivity 137CsError
(em) (dpm / g) (dpm/ g) (dpm/g ) (dpm / g) (dpm/ g)
0.5 7.45 680 0.35 0.53 0.08
1.5 7.76 6.92 0.35 0.53 0.07
2.5 7.26 622 0.32 0.57 0.07
3.5 8.06 6.97 0.33 0.61 0.07
4.5 7.40 6.38 0.32 0.70 0.07
5.5 7.03 6.15 0.32 0.63 0.07
6.5 6.80 5.65 0.31 0.62 0.07
7.5 5.93 4.96 0.28 0.65 0.07
8.5 5.43 4.58 0.27 0.61 0.07
9.5 4.77 3.90 0.28 0.55 0.07
11.0 326 2.40 0.22 0.39 0.05
Appendix
Radiochemi stry Data
Corename :WH0ll088CS
Depth 2l 0PtJ.u ,Aetivity 210Pb. lIICfts Aetivity 21°PbucenError 137CsAetivity 131CsError
(em) (dpm{g) (dpm{ g) (dpm{ g) (dpm{ g) (dpm{ g)
0.5 7.47 640 0.34 0.63 0.07
1.5 8.09 7.09 0.32 0.65 0.07
2.5 7.51 6.30 0.32 0.53 0.07
3.5 7.58 6.35 0.30 0.58 0.07
4.5 698 5.69 0.31 0.70 0 08
55 7.64 6.31 0.30 0.62 0.07
6.5 7.16 5.96 0.30 063 0.07
7.5 7.90 6.64 0.31 0.70 0.07
85 6.97 580 0.30 0.67 0.07
9.5 6.42 5.25 030 0.73 0.07
11.0 5.42 4.46 0.27 0.61 0.07
13.0 3.28 2.20 0.20 0.47 0.07
15.0 2.73 1.74 0.17 0.18 0.06
17.0 1.93 0.91 0.13 0.15 005
\ppc'l1di\ 4
Core name : WH0808 BC7a
Depth 210PbtJ:lQ1Activity 210P belEe$ Activity 210Pbe>«:ess Error 137CsActivity 137CsError
(em) (dpm{gj (dpm{g) (dpm{g) (dpm{g) (dpm{ gj
05 9.54 B.60 0.39 0.79 0.08
1.5 8.93 8.11 0.39 0.77 0.09
2.5 8.31 7.40 0 36 0.74 0.08
3.5 854 7.60 0 35 086 0.08
4.5 8.61 7.74 036 0.92 0.08
5.5 7.93 7.18 0.35 0.84 0.08
6.5 7.57 6.72 0.36 0.93 0.08
7.5 7.08 6.25 033 0.97 0.08
8.5 6.18 5.19 0.30 0.97 0.08
9.5 5.48 4.58 0.29 0.90 0.07
11.0 4.51 3.67 030 09 3 0.09
13.0 4 31 3.25 0.26 0.86 0.08
15.0 2.92 1.96 0.23 0.57 008
17.0 3.16 2.17 0.23 026 0.07
19.0 2.08 0.99 0.16 0.00 0.00
21.0 2.43 1.41 0.20 0.00 0.00
23.0 1.42 0.40 0.09 0.00 0.00
25.0 0.87 -0.21 -0.07 0.00 0.00
27.0 0.94 0.00 0.00 0.00 0.00
29.0 1.90 1.09 0.17 0.13 0.06
Appendix
Corename: WH08OllBC10
Depth 2lO Pb... ,Activity 210PbelUUAetivity 2l0PbeassError 137CsActivity 137CsError
(em) (dpm/g) (dpm/g) (dpm/g) (dpm/g) (dpm/g)
0.5 7.50 6.62 0.31 0.67 0.07
1.5 7.43 6.66 0.29 0.60 0.06
2.5 6.60 560 030 0.53 006
3.5 6.78 5.87 030 0.76 006
4.5 5.21 4.29 026 0.61 0.06
5.5 4.70 3.71 0.25 0.57 0.07
6.5 2.66 1.92 0.23 0.53 0.07
7.5 1.73 0.93 0.15 0.30 006
8.5 1.66 0.81 0.14 0.25 006
9.5 1.62 0.78 0.13 000 000
11.0 1.30 0.44 008 0.00 0.00
13.0 1.58 0.76 0.12 000 000
15.0 1.29 0.24 0.50 000 0.00
vppcndix ()
Radioeh emi stryData
Coren ame : WH08088Cll
Dept h 210PbtotaiActivity 210PbellCess Activity 210PbellCe5s Error 137CsActivity 137CsError
(em) (dpm/g) (dpm/ g) (dpm/ g) (dpm/g) (dpm/g)
0.5 9.94 8.99 0.43 1.01 0.09
1.5 10.87 993 0.40 0.98 0.08
2.5 8.83 7.82 0.36 0.87 008
3.5 9.57 868 0.37 1.04 0.09
4.5 6.69 5.83 0.33 0.88 0.08
5.5 7.07 615 0.34 1.09 0.08
65 6.20 5.09 0.32 1.15 0.09
7.5 5.67 4.55 0.29 1.25 0.09
8.5 5.43 4.41 0.29 1.41 0.09
9.5 4.20 320 0.26 1.15 0.08
11.0 3.63 2.56 0.23 090 0.08
130 3.00 1.83 0.22 0.48 0.07
15.0 2.48 1.25 0.17 0.00 0.00
17.0 2.50 1.34 0.17 000 0.00
19.0 1.61 0.41 0.08 0.00 0.00
21.0 1.90 0.56 0.09 000 0.00
23.0 1.16 -0.21 -0.06 0.00 0.00
25.0 1.54 0.36 0.07 000 000
27.0 0.71 -0.23 -0.08 0.00 0.00
Appendix 7
Corename:W H08086C12
Depth 21OPbmr.,Aetivity 210PbeJC:ess Aetivity 2l0PbelC:ess Error 137CsActivity 137CsError
(em) (dpm{g) (dpm{g) (dpm{g) (dpm{g) (dpm{g)
05 10.15 9.27 0.42 0.01 000
1.5 10.22 932 0.41 0.01 000
2.5 9.76 6.67 0 40 0.00 0.00
35 955 656 0.37 0.00 0.00
4.5 9.02 619 0.38 000 000
55 8.66 7.67 0.38 0.00 000
6.5 7.52 6.65 038 0.00 0.00
7.5 7.11 6.24 0.34 0 00 000
8.5
95 599 4.66 0.31 000 0.00
11.0 5.06 4.10 0.31 000 000
13.0 432 314 0.26 0.00 000
15.0 4.04 2.91 0.27 000 000
17.0 3.29 2.32 0.23 0.00 0 00
19.0 2.18 1.02 0.17 0.00 000
21.0 2.25 1.21 0.17 000 0.00
23.0 1.87 0.82 0.14 0.00 0.00
25.0 1.89 0.66 0.15 000 0.00
27.0 1.37 030 0.07 0.00 000
29.0 1.88 0.76 0.13 0.00 000
31.0 1.40 0.42 0.08 0.00 0.00
vppcndix X
Radiochemistry Data
Corename :WH08088C13
Depth 2l0 Pbon,Activity 210Pb~~s Act iv i ty 21oPbelUSS Error 137CsAetivity 137CsError
(em) (dpm/g) (dpm/g) (dpm/g) (dpm/g) (dpm/ g)
0.5 9.56 8.47 0.38 0.65 0.08
1.5 9.75 8.80 038 0.89 008
2.5 9.21 809 0.36 0.94 008
3.5 9.27 8.18 0.35 082 0.07
4.5 8.99 7.98 0.36 0.74 0.08
5.5 865 7.81 036 0.85 008
6.5 8.01 7.02 0.36 0.87 009
7.5
85 7.31 6.20 0.34 099 0.08
9.5 6.97 592 0.32 0.92 0.09
11.0 4.87 3.96 029 0.76 008
130 3.54 2.44 0.24 033 0.07
15.0 2.54 1.45 0.18 0.28 0.06
17.0 2.88 1.82 0.21 0.00 000
19.0 2.45 1.35 0.19 0.00 0.00
21.0 1.58 0.52 0.10 0.00 0.00
23.0 1.37 003 0.01 000 0.00
AppendixB
Radiochemistry Data for Box cores 2009
Explanation
Appendix B contains the extended results Of2IOPb", and 137Csanalyses performed on box
cores collected in 2009 from Saglekand Nachvak Fjord , northern Labrador . The tables
list the activities of 21OPhtotai (dpm/g), 210Pbexcess (dpm/g), and 137Cs (dpm/g) and
associated errors for each depth interval. Total 210Pb was determined by measurement of
the 46.5 keY gamma peak . Supported 210Pb(from decay of 226Ra within the seabed) was
detenninedbymeasurementofthegranddaughtersof 226Ra: 214Pb(295 and 352 keV) and
214Bi (609 keV) . The unsupported 210Pb (excess 210Pb) was determined by subtract ingthe
supported 210Pbfrom thetotal 2lOPb. 137Csactivities weredetennined by measuring the
662 keV peak directly .
Appendix 10
Core name: W H0809 BCNl
Dept h 21oPbtotalActivity 210PbellCessActivity 2l0PbellCeSs Error 137CsAetivity 131CsError
(em) (dpm / g) (dpm/g) (dpm/ g) (dpm/gj
0.5 9.B5 B.66 0.42 0.45 O.OB
1.5 10.02 B.73 0.3B 0.55 0.08
2.5 9.73 B.48 0.39 0.78 O.OB
3.5 8.35 6.98 0.3B 0.63 0.08
4.5 8.20 689 034 0.48 0.09
5.5 7.80 6.50 0.37 0.60 0.09
6.5 7.29 6.1' 0.35 0.53 O.OB
7.5 7.3B 5.94 0.33 0.70 O.OB
8.5 7.30 6.14 0.34 0.58 0.08
9.5 5.74 4.65 0.30 0.67 0.08
10.5 5.68 4.62 0.32 0.59 0.09
11.5 4.76 3.63 0.29 0.65 0.08
12.5 3.85 2.83 0.25 0.54 O.OB
13.5 3.32 2.20 0.22 0.28 0.07
14.5 3.18 2.03 0.22 0.25 O.OB
15.5 2.45 1.45 0.18 0.25 0.07
16.5 1.91 0.89 0.15 0.00 0.00
17.5 1.87 082 0.15 0.00 0.00
18.5 1.43 0.45 0.10 0.00 0.00
Appendix 11
Radioche mislryDa la
Core name : WH0809 BCN2
Depth 210Pbu.taIAetivity 210Pb. lI;ess Aetivity 2l 0Pb. lI;K$Error 137CsAetivity 137CsError
(em) (d pm{g) (d pm{g) (d pm{g) (dpm{g) (dpm{g)
0.5 8.97 7.71 0.38 0.62 0.08
1.5 8.18 690 0.35 0.57 008
2.5 8.28 7.11 0.38 0.55 008
3.5 8.53 7.28 0.34 059 0.07
4.5 7.71 6.55 0.35 056 008
5.5 6.97 5.76 0.31 056 00 7
6.5 7.27 6.03 0.33 0.55 008
7.5 6.38 5.17 0.31 0.64 008
8.5 6.24 5.18 0.31 063 008
9.5 4.77 3.61 0.26 060 008
10.5 4.39 3.47 0.27 0.40 007
11.5 3.73 2.73 0.24 036 0.07
12.5 3.26 2.31 0.24 0.41 008
13.5 2.12 1.08 0.17 0.41 0.07
14.5 2.28 1.36 0.19 0.33 0.07
15.5 2.51 1.56 0.21 0.27 0.07
16.5 1.34 0 39 0.09 0.00 0.00
17.5 1.11 0.31 008 0.00 0.00
18.5 1.61 0.77 0.14 0.00 000
19.5 1.40 0.62 0.13 0.00 0.00
20.5 1.18 0.36 008 0.00 0.00
Appendix 12
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Radioch emi stry Data
Corename :WH08098CN3
Depth 210PbtDtJ1 Activity ZlOPbettessActivity 210PbelCC6s Error 137CsActivity u7CsError
(em) (dpm/g) (dpm/g) (dpm/g) (dpm/g) (dpm/g)
05 8.57 7.59 036 0.58 0.07
1.5 8.37 7.19 0.33 0.54 0.07
2.5 7.70 6.61 0.33 0.47 0.07
3.5 7.12 6.10 0.34 0.54 0.06
4.5 6.66 5.62 0.32 0.55 0.07
5.5 6.00 4.90 0 30 0.43 0.07
6.5 5.66 4.64 0.28 0.59 0.07
7.5 6.21 5.22 0.28 0.43 0.07
8.5 5.03 4.14 0.27 0.73 0.07
9.5 5.22 4.30 0.26 0.54 0.06
10.5 3.90 2.96 0.25 0.48 0.07
11.5 4.53 3.79 0.27 0.59 0.07
12.5 1.66 0.91 0.17 0.27 0.07
13.5 2.93 1.88 0.19 036 0.06
14.5 1.55 058 0.10 0.17 0.06
15.5 2.00 1.12 0.18 0.21 006
16.5 2.27 1.29 0.16 0.21 0.06
17.5 1.42 0.41 009 0.00 0.00
18.5 1.76 0.81 0.14 0.00 0.00
19.5 1.51 0.52 0.10 0.12 0.06
20.5 1.96 1.14 0.17 0.00 0.00
Appendix 13
Core nam e : WH0809 BCN4
Depth 210PbtotalActivity 2l0PbucessActivity 210Pbelll:ess Error 137CsActivity 137CsError
(em) (dpm/g) (dpm/g) (dpm/g) (dpm/g) (dpm/g)
0.5 7.76 6.72 0.44 0.42 0.10
1.5 694 5.78 0.30 0.48 0.07
2.5 696 5.96 0.34 0.51 0.07
35 658 5.54 0.33 0.45 0.08
4.5 6.21 5.07 0.27 0.48 0.07
5.5 5.42 4.44 0.25 0.37 006
6.5 5.04 4.05 0.25 0.63 0.06
7.5 4.37 3.54 0.24 0.42 0.06
8.5 4.47 3.62 0.25 0.46 006
9.5 3.17 2.48 0.21 0.43 006
10.5 3.02 2.21 0 23 0.25 0.06
11.5 2.40 1.51 0.18 0.00 0.00
12.5 2.43 1.39 0.18 0.00 0.00
13.5 1.71 0.76 0.13 0.00 0.00
14.5 1.74 085 0.14 0.00 0.00
Appendix 14
Core name: WH0809BCNS
Depth ZloPbtotalActivity 21°Pbl!'lI;essAct ivity 210Pb('lltl!'ssError 137CsActivity B1Cs Error
(em) (dpm{gj (dpm{g) (dpm{g) (dpm{g) (dpm{gj
0.5 6.20 5.05 0.36 0.43 0.08
1.5 7.07 5.95 0.36 0.45 0.08
2.5 7.07 595 0.32 0.44 0.07
3.5 6.14 509 0.29 0.44 0.06
4.5 6.91 5.86 0.34 0.42 0.07
5.5 6.42 5.27 0.31 0.49 0.07
6.5 6.27 5.24 0.29 0.50 0.06
7.5 5.59 4.63 0.28 0.53 0.06
8.5 6.29 5.15 0.73 0.00 0.00
9.5 564 4.65 0.28 0.41 0.06
10.5 4.58 3.70 0.29 0.37 0.07
11.5 339 2.54 0.26 0.49 0.08
12.5 2.49 1.67 0.22 0.31 0.06
13.5 2.00 1.10 0.17 0.17 0.06
14.5 1.90 1.06 0.17 0.11 006
15.5 1.45 0.71 0.15 0.00 0.00
16.5 1.93 1.12 0.16 0.00 0.00
17.5 1.37 0.52 0.12 0.00 0.00
18.5 1.10 0.32 008 000 0.00
Appendix IS
Core name: WH0809BCSl
Depth 210PbtotalActivity 210PbelUssAetivity 210Pbell;essError 137CsActivity 131CsError
(em) (dpm/g) (dpm/g) (dpm/ g) (dpm/gJ (dpm/gj
05 10.30 9.11 0.45 0.69 0.09
1.5 10.20 9.07 0.41 0.82 0.08
2.5 10.26 9.30 0.43 0.77 0.09
3.5 9.89 8.49 0.38 0.75 0.08
4.5 9.38 8.08 038 0.85 0.08
5.5 10.18 8.93 0.39 0.79 008
6.5 8.57 7.37 0.36 0.80 0.08
7.5 8.55 7.51 0.37 0.85 0.08
8.5 8.19 7.11 038 0.98 008
9.5 6.35 5.20 0.33 0.90 0.08
10.5 6.58 5.50 035 0.88 0.10
11.5 6.45 5.35 0.32 0.81 0.08
12.5 5.18 4.17 0.32 0.83 0.09
13.5 5.22 4.19 0.32 0.85 009
14.5 5.78 4.77 034 0.92 0 09
15.5 5.17 4.13 0.30 0.87 0.08
16.5 4.07 2.92 0.28 0.93 0.09
17.5 4.01 308 0.30 0.88 0.08
18.5 3.73 2.88 0.29 0.57 0.08
19.5 3.02 2.02 0.25 0.37 0.08
20.5 2.88 1.41 0.19 0.00 0.00
21.5 2.48 1.33 0.20 0.00 0.00
22.5 1.81 0.62 0.13 000 0.00
23.5 2.35 1.14 0.16 0.00 0.00
24.5 1.49 0.33 0.08 000 0.00
25.5 1.59 0.31 006 0.00 0.00
26.5 1.04 -D.14 -D.05 0.00 000
27.5 0.96 -D.11 -D.04 000 0.00
28.5 1.87 0.73 0.12 0.00 0.00
29.5 1.74 0.65 0.10 0.00 0.00
30.5 1.79 0.79 0.16 0.00 0.00
31.5 1.62 0.40 0.08 0.00 0.00
32.5 0.82 -D.24 -D.09 0.00 0.00
Depth 210PbtotaiActivity 210Pbe..:essAetivity l1oPbe.:essError 137CsActivity 137CsError
(em) (dpm j gl (dpm j gl (dpm jg) (dprn/ g) (dpm jg)
0.5 11.07 9.93 0.53 0.73 0.13
1.5 11.60 10.42 0.41 0.66 0.09
2.5 10.89 9.83 0.41 1.11 0.09
3.5 10.39 9.20 0 36 0.71 0.08
4.5 10.03 8.92 0.38 0.66 0.08
5.5 926 8.12 0.36 0.79 0.08
6.5 8.91 7.81 0.37 0.98 0.09
7.5 8.15 7.17 0.36 1.06 0.09
8.5 7.40 6.17 0.32 0.84 0.08
9.5 6.54 5.28 0.29 0.81 008
10.5 5.62 4.66 0.32 0.94 0.09
11.5 5.36 4.30 0.27 0.85 0.08
12.5 5.49 4.43 0.30 0.66 0.08
13.5 4.60 3.47 0.28 0.65 0.09
14.5 2.93 1.68 0.20 0.41 0.08
15.5 2.76 1.84 0.20 0.19 0.07
16.5 2.56 1.28 0.16 0.18 0.07
17.5 2.69 1.42 0.18 0.00 0.00
18.5 2.61 1.38 0.17 0.00 0.00
19.5 2.46 1.27 0.18 0.00 0.00
20.5 1.46 0.33 0.08 0.00 0.00
21.5 2.34 1.27 0.16 0.00 0.00
22.5 1.79 0.69 0.12 0.00 0.00
23.5 1.71 0.55 0.09 0.00 0.00
24.5 1.88 0.70 0.11 0.00 0.00
25.5 1.33 0.13 0.03 0.00 0.00
26.5 1.78 0.84 0.10 0.00 0.00
RadioehemistryData
Core name: WH08098CS3
Depth 210PbtotalActivity 210Pbexc~ sAetivity 21°PbeKCessError U7CsAetivity 137CsError
(em) (dpm{g) (dpm{gj (dpm{g) (dpm{g)
05 11.78 10.74 0.42 0.82 0.09
1.5 10.99 9.81 0.42 0.96 009
2.5 10.53 9.62 0.40 0.97 008
35 11.06 9.60 0.41 0.87 0.09
4.5 9.65 8.37 0.41 0.79 009
5.5 9.62 8.37 035 086 0.09
6.5 8.50 7.34 0.33 1.12 0.08
7.5 7.29 6.00 0.32 0.98 009
8.5 7.60 6.65 0.32 1.14 008
95 6.74 5.46 031 1.03 0.09
10.5 6.51 544 033 0.99 0.09
11.5 6.05 5.09 0.33 1.13 009
12.5 5.96 4.78 0.32 1.04 0.10
13.5 5.69 4.55 0.31 1.12 0.09
14.5 4.70 3.41 0.28 1.16 009
15.5 4.36 322 0.26 1.18 0.09
16.5 4.52 3.34 0.25 1.06 009
17.5 4.02 2.65 0.23 0.75 008
18.5 3.94 2.67 0.25 0.69 009
19.5 3.44 2.15 020 0.44 0.07
20.5 3.46 2.10 022 0.00 0.00
21.5 3.46 2.14 0.22 000 000
22.5 3.17 1.60 0.19 0.00 0.00
23.5 3.19 1.75 0.19 0.00 000
24.5 2.29 0.96 0.14 0.00 0.00
25.5 2.36 1.02 0.14 0.00 000
26.5 1.73 0.33 006 0.00 0.00
27.5 2.16 0.90 0.15 000 0.00
28.5 2.26 0.95 0.13 0.00 000
29.5 1.73 0.44 0.08 000 0.00
305 1.63 0.31 0.06 0.00 000
31.5 098 -0.23 -0.08 0.00 000
32.5 1.84 0.59 0.10 000 0.00
335 1.85 0.86 0.12 0.00 0.00
345 1.23 -0.07 -0.02 0.00 000
35.5 1.69 0.44 008 0.00 0.00
vppcndix IX
Radiochemis try Data
Core name : WH08D9BCS4
Depth llOPl>too.lAetivity 210Pb,IC:eu Aetivity 21oPbtllc~s Error 131CsActivity u1CsError
(em) (dpm/g) (dpm/g) (dpm/g) (dpm/g) (dpm/g)
0.5 10.56 9.57 0.42 0.85 0.08
1.5 9.95 905 0.41 0.72 008
2.5 9.30 8.43 0.43 0.90 009
3.5 8.43 7.34 036 0.75 008
4.5 9.24 8.19 0.36 0.89 008
5.5 8.31 7.29 0.37 082 008
6.5 7.41 6.51 0.34 0.82 0.08
7.5 6.83 5.94 0.34 0.94 008
8.5 7.72 6.83 0.34 0.99 0.08
9.5 6.43 5.40 0.31 1.03 0.08
10.5 6.62 584 0.34 0.85 0.09
11.5 5.90 4.92 033 0.83 0.08
12.5 5.23 4.24 0.31 0.87 0.09
13.5 4.53 384 0.30 1.02 0.08
14.5 4.30 3.39 028 0.87 0.08
15.5 3.83 2.93 0.27 093 008
16.5 3.57 2.43 0.24 0.74 0.08
17.5 3.74 2.72 028 0.49 0.08
18.5 3.59 2.39 0.25 0.34 0.07
19 5 2.34 1.21 0.18 0.19 0.06
20.5 3.39 2.22 0.24 0.00 0.00
21.5 2.46 1.29 0.18 000 0.00
22.5 2.10 1.04 0.17 0.00 0.00
235 2.89 1.67 0.19 0 00 000
24.5 2.73 1.83 0.22 0.00 0.00
25.5 1.89 0.72 0.13 0.00 000
265 1.89 0.70 0.12 0.00 0.00
27.5 1.90 0.74 0.13 0.00 0.00
28.5 1.47 0.41 0.09 0.00 0.00
29.5 1.47 0.38 0.09 0.00 0.00
305 1.40 0.36 0.08 0.00 0.00
31.5 1.32 0.08 0.02 0.00 0.00
vppcndi , \9
Radioehemi st ryData
Corename:WH08098CSS
Depth 210PbtotaiActivity 21oPbelfCeS5Activity 2l0PbelltessError 137CsActivity 131CsError
(em) (dpm{g) (dpm{ g) (dpm{ g) (dpm{ g) (dpm{ g)
0.5 8.51 7.61 050 0.65 0.12
1.5 9.03 8.21 0.40 060 0.09
2.5 9.76 88 3 0.38 0.99 0.08
3.5 9.82 8.71 0.38 0.86 0.09
4.5 8.79 7.77 0.38 1.04 0.08
5.5 8.71 7.80 0.37 084 0.08
6.5 7.21 6.38 033 0.81 008
7.5 6.46 5.59 0.31 0.99 0.08
8.5 5.17 4.38 0.29 0.75 0.07
9.5 4.99 4.23 0.29 0.90 0.08
10.5 4.95 3.98 0.28 0.88 0.08
11.5 4.02 2.91 0.26 0.57 0.08
12.5 360 2.37 0.24 0.42 008
13.5 3.53 2.35 0.25 0.27 0.08
14.5 3.21 2.27 0.25 0.21 0.07
15.5 3.08 1.92 022 0.10 0.07
16.5 2.66 1.50 0.21 0.00 0.00
17.5 1.99 0.89 0.15 0.00 0.00
18.5 1.91 0.71 0.12 0.00 0.00
19.5 2.02 0.84 0.14 0.00 0.00
20.5 1.78 0.83 0.15 0.00 0.00
21.5 1.02 0.02 0.01 000 0.00
22.5 2.17 0.98 0.18 0.00 0.00
23.5 0.87 0.04 0.01 0.00 0 00
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AppendixC
Grain Size Data for Box cores 2008
Explanation
Appendix C contains the extended results of grain size analyses performed on box cores
collected in 2008 from SaglekandNachvak Fjord,northemLabrador. The tables list the
mean grain size (microns), median grain size (microns), and the cumulative percentile for
sand, silt and clay for each depth interval. Granulometric measurements were done with a
HORIBA Partica LA-950, using a laser scattering method.
Appendix ~I
Core name :W H0808BC1
Depth (em) Mea n (micron s) Median (micron s) Sand % 5ilt % Clay %
0.5 18.46 13.40 2.90 97.10 0.00
1.5 18.25 13.03 3.18 96.70 0.12
2.5 17.10 12.41 2.71 96.92 0.37
3.5 16.28 12.07 2.34 97.13 0.53
4.5 17.23 12.85 2.27 97.60 0.13
5.5 19.18 13.11 3.64 96.23 0.13
6.5 15.06 11.66 1.81 95.79 2.39
7.5 22.90 12.00 6.93 90.82 2.25
8.5 26.32 13.04 5.83 94.03 0.14
9.5 17.55 13.20 2.37 97.49 0.14
11 17.75 13.24 2.44 97.45 0.11
Core name: WH0808BC2
Depth (em) Mean (micron s) Median (microns) Sand % Silt % Clay %
0.5 15.74 12.64 1.40 98.26 0.34
1.5 14.62 12.89 0.20 99.65 0.14
2.5 13.90 12.16 0.23 98.23 1.53
3.5 13.23 11.52 0.06 92.48 7.46
4.5 18.33 14.16 2.16 97.84 0.00
5.5 13.44 11.40 0.51 89.41 10.08
6.5 15.90 13.31 1.04 98 .84 0.12
7.5 15.43 13.20 0.73 99 .15 0.11
8.5 17.41 12.57 2.82 96.33 0.86
9.5 13.79 11.87 0.57 97.89 1.54
11 18.48 13.28 2.95 96.90 0.15
13 27.89 14.09 5.58 94.32 0.11
15 16.52 12.59 2.04 97.57 0.39
Appendix
Core name : WH0808 BC3
Dept h (em) Mean (microns) Median (microns) 5and % 5ilt % Clay %
0.5 13.22 11.46 0.53 99.02 0.46
1.5 13.66 12.11 0.45 99.39 0.16
2.5 16.73 11.72 2.77 96.80 0.44
3.5 14.95 11.85 1.32 98.49 0.19
4.5 15.61 11.59 2.03 97.49 0.48
5.5 16.41 11.76 2.51 96.97 0.52
6.5 16.12 12.28 1.93 97.91 0.17
7.5 14.27 12.70 0.34 99.66 0.00
8.5 14.24 12.54 0.52 99.37 0.12
9.5 34.59 12.34 5.31 94.55 0.14
11 20.75 12.54 4.66 95.16 0.19
13 10.21 8.98 0.22 78.24 21.54
Corename: WH0808BC4
Dep t h (em) Mean (microns) Median (m icrons) 5and % Silt % Clay %
0.5 9.09 8.29 0.00 74.93 25.07
1.5 12.35 10.06 0.97 81.95 17.08
2.5 16.31 12.73 1.77 98.10 0.14
3.5 16.66 12.29 2.30 97.52 0.18
4.5 17.91 11.88 3.33 96.28 0.39
5.5 13.74 10.10 1.90 93.91 4.19
6.5 18.15 12.33 3.46 95.63 0.92
7.5 19.24 12.98 3.82 95.47 0.71
8.5 17.56 11.37 3.47 95.68 0.85
9.5 14.08 11.21 1.37 98.05 0.58
11 12.01 9.69 0.87 89.62 9.51
Core name : WH0808 BC5
Depth (em) Me an (microns) Median (micron s) 5and % 5i1t % Clay %
0.5 16.57 12.03 2.43 97.38 0.19
1.5 11.07 9.88 0.00 94.36 5.65
2.5 15.59 11.42 2.46 95.52 2.01
3.5 16.86 12.47 2.29 97.56 0.15
4.5 16.99 12.33 2.70 96.69 0.60
5.5 16.34 11.08 3.04 94.14 2.82
6.5 16.86 13.08 1.89 98.11 0.00
7.5 13.95 9.45 2.52 84.44 13.04
8.5 19.17 11.93 4.36 94.59 1.05
9.5 12.99 10.27 1.23 89.77 9.00
11 16.37 12.39 2.02 97.81 0.16
13 11.93 9.99 0.60 90.55 8.86
15 11.35 9.75 0.45 79.64 19.92
17 19.26 12.42 4.06 95.77 0.17
Appendix 24
Core nam e : WH0808 BC7a
Dept h (em) Mean (micron s) Media n (microns) 5and % 5i1t % Clay %
0.5 14.20 13.08 O.DO l DO.DO O.DO
1.5 11.41 9.62 0.49 84.26 15.25
2.5 15.64 12.12 1.65 97.90 0.45
3.5 19.93 13.15 1.74 98.26 O.DO
4.5 25.47 12.52 5.30 94.59 0.11
5.5 10.08 8.50 0.42 73.91 25.67
6.5 23.51 13.99 5.28 94.72 O.DO
7.5 17.97 12.64 2.98 97.02 O.DO
8.5 24.73 13.95 6.29 93.71 O.DO
9.5 20.03 12.13 3.44 96.44 0.13
11 16.58 13.26 1.55 98.45 O.DO
13 17.46 13.15 2.32 97.68 O.DO
15 20.84 14.02 4.22 95.78 O.DO
17 11.35 9.12 0.85 82.57 16.58
19 21.22 12.37 5.83 88.29 5.87
21 17.96 13.61 2.31 97.69 O.DO
23 18.89 12.67 3.72 96.11 0.18
25 22.71 13.10 5.86 94.14 O.DO
27 14.35 12.33 0.87 99.02 0.11
28.5 18.87 10.76 5.25 87.96 6.79
Corename:WH0808BC10
Depth (em) Mean (micron s) Median (microns) 5and % 5ilt % Clay %
0.5 20.46 11.42 6.67 74.21 19.12
1.5 20.34 12.41 5.50 93.69 0.82
2.5 32.75 13.22 13.65 83.40 2.96
3.5 25.84 13.67 8.38 91.62 0.00
4.5 23.41 11.96 8.91 75.89 15.20
5.5 157.91 16.00 28.43 58.71 12.86
6.5 22.68 11.23 7.95 69.47 22.58
7.5 19.52 9.35 7.14 64.77 28.09
8.5 31.86 11.94 9.13 87.91 2.96
9.5 14.50 9.23 3.37 66.85 29.78
11 14.49 9.77 3.11 77.09 19.80
13 18.36 11.35 4.67 83.17 12.17
15 20.36 12.83 5.09 94.58 0.33
Corename:WH0808BCll
Depth (em) Mean (microns) Median (microns) 5and % 5ilt % Clay %
0.5 13.03 12.20 0.00 100.00 0.00
1.5 13.99 12.24 0.39 99.49 0.12
2.5 13.70 12.51 0.11 99.89 0.00
3.5 8.55 7.20 0.20 68.65 31.15
4.5 18.44 10.42 4.43 90.38 5.19
5.5 9.08 8.11 0.07 77.22 22.71
6.5 8.72 7.70 0.07 73.75 26.19
7.5 8.47 7.54 0.00 72.36 27.64
8.5 14.11 8.54 3.06 75.27 21.67
9.5 11.70 10.84 0.00 99.45 0.55
11 12.66 11.82 0.00 99.89 0.11
13 28.32 12.14 4.23 95.64 0.14
15 8.43 7.69 0.00 71.65 28.35
17 14.27 12.46 0.52 99.38 0.11
19 16.95 12.12 2.55 97.27 0.19
21 12.43 10.40 0.64 97.70 1.67
23 8.79 7.57 0.07 73.63 26.31
25 14.11 9.17 2.61 82.76 14.62
27 11.48 10.55 0.00 98.67 1.34
vppcndix 2()
Corename :WH0808BC12
Deplh(cm) Mean (micron s) Median (micron s) Sill % Clay %
0.5 12.35 11.63 0.00 99.88 0.12
1.5 8.34 7.54 0.00 71.76 28.24
2.5 12.06 10.02 0.55 96.38 3.07
3.5 11.51 10.80 0.00 99.46 0.55
4.5 9.84 8.72 0.00 90.15 9.85
5.5 11.97 11.15 0.00 99.64 0.36
6.5 8.77 7.79 0.06 74.64 25.30
7.5 8.91 7.77 0.00 74.10 25.90
8.5
9.5 13.63 11.70 0.51 99.35 0.15
11 19.68 11.41 4.28 95.37 0.35
13 7.36 6.29 0.00 64.77 35.23
15 31.26 12.53 4.25 95.75 0.00
17 12.91 11.74 0.11 99.77 0.12
19 11.64 8.68 1.27 79.91 18.82
21 11.86 10.93 0.00 99.33 0.67
23 16.48 13.14 1.58 98.42 0.00
25 14.89 11.70 1.57 98.23 0.20
27 13.10 11.98 0.06 99.81 0.13
29 12.62 11.33 0.19 99.21 0.60
31 9.30 7.99 0.07 74.82 25.11
33 14.06 11.39 1.06 98.71 0.23
vppcndix ~7
Corename :W H0808BC13
Depth (em) Mean (microns) Median (microns) 5and % 5i1t% Clay %
0.5 18.98 11.55 1.48 98.41 0.11
1.5 11.54 10.97 0.00 99.86 0.15
2.5 12.74 11.86 0.00 100.00 0.00
3.5 12.87 10.87 0.64 98.92 0.44
4.5 15.51 11.78 1.37 98.51 0.12
55 16.44 11.70 2.58 97.27 0.15
6.5 9.00 8.08 0.06 78.36 21.58
7.5
8.5 11.28 10.46 0.00 98.n 1.23
9.5 17.48 10.47 3.73 94.98 1.28
11 21.90 10.53 6.69 89.45 3.87
13 9.36 8.34 0.00 83.55 16.45
15 17.56 11.10 3.96 94.34 1.71
17 20.57 11.96 2.22 97.65 0.12
19 17.12 11.80 2.96 96.56 0.49
21 18.75 10.52 4.63 91.42 3.94
23 12.66 11.33 0.20 99.24 0.55
25 8.62 8.08 0.00 78.15 21.85
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AppendixD
Grain Size Data for Box cores 2009
Explanation
Appendix C contains the extended results of grain size analyses performed 0 n box cores
collected in 2009 from Saglekand Nachvak Fjord,northem Labrador. The tables list the
mean grain size (microns), median grain size (microns) , and the cumulative percentile for
sand, silt and clay for each depth interval. Granulometric measurements were done with a
HORIBA Partica LA-950, using a laser scattering method.
vppcndix 29
Corename:WH0809BN1
Depth (em) Mean (microns) Median (microns) 5and % 5ilt % Clay %
0.5 10.58 9.15 0.21 82.74 17.06
1.5 15.83 12.17 1.80 98.05 0.15
2.5 15.80 11.94 2.03 97.78 0.19
3.5 16.32 12.69 1.87 98.13 0.00
4.5 16.45 12.12 2.28 97.56 0.16
5.5 12.48 1O.n 0.39 98.40 1.20
6.5 11.66 10.39 0.19 97.79 2.02
7.5 22.89 12.37 3.96 95.90 0.15
8.5 19.01 12.17 3.49 96.35 0.15
9.5 19.47 12.14 2.92 97.08 0.00
10.5 20.48 13.43 4.21 95.68 0.11
11.5 17.04 12.50 2.42 97.40 0.18
12.5 18.33 13.40 2.70 97.30 0.00
13.5 15.46 11.53 2.19 93.80 4.01
14.5 19.84 13.19 4.03 94.97 1.00
15.5 15.62 12.75 1.35 98.50 0.15
16.5 17.20 12.58 2.58 97.08 0.34
17.5 9.31 8.32 0.00 72.10 27.90
18.5 10.67 9.21 0.27 n.32 22.42
Corena me: WH0809BCN2
Depth (em) Mea n (microns) Median (micron s) sand % Silt % Clay %
0.5 12.37 11.29 0.00 99.44 0.56
1.5 14.80 12.53 0.69 99.30 0.00
2.5 18.35 11.76 3.42 95.26 1.31
3.5 19.78 12.17 3.19 96.60 0.21
4.5 16.09 12.49 1.79 98.05 0.16
5.5 12.83 11.38 0.33 98.89 0.78
6.5 8.83 7.91 0.00 70.61 29.39
7.5 18.67 12.19 2.59 97.25 0.16
8.5 19.89 12.37 1.92 97.90 0.18
9.5 45.77 12.45 10.99 88.82 0.19
10.5 14.53 12.69 0.54 99.34 0.12
11.5 9.43 8.89 0.00 92.96 7.04
12.5 10.80 10.17 0.00 97.93 2.07
13.5 11.83 11.16 0.00 99.47 0.53
14.5 18.77 13.33 3.41 96.44 0.15
15.5 9.44 9.04 0.00 83.63 16.37
16.5 13.04 12.20 0.00 99.82 0.18
17.5 9.09 8.71 0.00 85.76 14.24
18.5 13.07 12.27 0.00 99.85 0.16
19.5 13.52 12.33 0.00 99.67 0.33
20.5 9.69 9.16 0.00 89.79 10.21
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Corename:WHOl109BCN3
Depth(cm) Mean (micron s) Med ian (m icro ns) 5and % 5i1t % Clay %
0.5 12.75 12.10 0.00 100.00 0.00
1.5 12.78 iz.oo 0.00 99.85 0.15
2.5 10.94 10.33 0.00 97.27 2.73
3.5 9.88 9046 0.00 80.22 19.78
4.5 11.14 10040 0.00 96.44 3.56
5.5 10.57 9.88 0.00 94.72 5.28
6.5 12.89 12.16 0.00 99.85 0.15
7.5 46.74 13046 9.01 90.88 0.11
8.5 37.11 12.81 4.39 95.61 0.00
9.5 14.14 12.85 0.00 99.88 0.12
10.5 36.04 13.23 4041 95.59 0.00
11.5 13.22 12.08 0.00 99.65 0.35
12.5 13.17 12.04 0.00 99.66 0.34
13.5 13.29 12.30 0.00 99.86 0.14
14.5 14.61 13.13 0.00 99.89 0.11
15.5 12.91 11.98 0.00 99.82 0.18
16.5 14.34 12.99 0.00 100.00 0.00
17.5 13.18 12.29 0.00 99.88 o.iz
18.5 13047 12.35 0.00 99.85 0.15
19.5 16.34 12.50 1.09 98.70 0.21
20.5 13.76 11.51 0.55 96.03 3.42
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Core name : WH0809 BCN4
Depth (em) Mean (microns) Median (microns) Sand % Silt % Clay %
0.5 14.BS 13.43 0.07 99.93 0.00
1.5 14.98 13.24 0.40 99.60 0.00
2.5 16.24 12.91 1.55 98.45 0.00
3.5 16.59 12.89 1.95 97.94 0.11
4.5 14.20 12.57 0.36 99.53 0.11
5.5 17.21 12.92 2.22 97.67 0.12
6.5 14.77 12.84 0.60 99.28 0.11
7.5 529.12 554.88 68.75 30.92 0.00
8.5 33.72 13.70 7.57 92.43 0.00
9.5 17.27 13.27 2.01 97.86 0.12
10.5 18.26 13.72 2.43 97.46 0.12
11.5 32.00 14.16 5.01 94.82 0.17
12.5 12.83 12.01 0.41 99.06 0.53
13.5 15.74 12.92 1.19 98.60 0.20
14.5 20.91 15.52 3.37 96.63 0.00
15.5 23.36 14.95 5.42 94.44 0.14
vppcndix
Core name: WH0809 BCN5
Depth (em) Mean (m icron s) Medi an (micron s) 5and % 5ilt % Clay %
0.5 17.43 13.25 2.01 97.81 0.17
1.5 12.57 11.09 0.19 98.02 1.79
2.5 23.78 12.86 4.15 95.85 0.00
3.5 25.73 12.50 3.62 96.24 0.14
4.5 13.76 12.45 0.08 99.79 0.13
5.5 13.60 11.92 0.39 99.15 0.45
6.5 14.97 12.64 0.73 99.14 0.13
7.5 13.84 12.34 0.22 99.59 0.19
8.5
9.5 12.16 10.78 0.06 96.74 3.20
10.5 14.39 12.32 0.80 98.16 1.04
11.5 18.85 13.95 2.82 97.05 0.13
12.5 14.09 12.53 0.23 99.64 0.13
13.5 11.18 9.67 0.07 85.58 14.35
14.5 16.40 11.88 2.43 95.n 1.80
15.5 16.68 12.45 2.15 97.41 0.44
16.5 13.97 12.16 0.53 99.26 0.22
17.5 18.95 13.41 3.21 96.62 0.17
18.5 11.13 9.96 0.00 83.90 16.10
AppClldi\ -J4
Core name : WH0809BC51
Depth (em) Mean (microns) Median (microns) 5ilt % Clay %
0.5 6.86 6.67 0.00 70.17 29.83
1.5 13.66 12.68 0.00 100.00 0.00
2.5 14.19 13.16 0.00 100.00 0.00
3.5 12.86 12.13 0.00 99.90 0.10
4.5 12.98 12.21 0.00 100.00 0.00
5.5 8.53 7.99 0.00 89.45 10.55
6.5 11.62 10.68 0.00 97.28 2.72
7.5 12.84 12.03 0.00 99.89 0.11
8.5 12.57 11.84 0.00 100.00 0.00
9.5 11.78 11.09 0.00 99.76 0.24
10.5 27.14 14.09 5.53 94.47 0.00
11.5 10.37 9.67 0.00 96.07 3.93
12.5 28.22 15.34 7.29 92.71 0.00
13.5 11.31 10.10 0.00 93.05 6.95
14.5 15.20 13.46 0.37 99.63 0.00
15.5 19.00 14.27 2.47 97.53 0.00
16.5 18.20 13.35 2.58 97.25 0.17
17.5 8.66 7.95 0.00 86.10 13.90
18.5 13.80 12.71 0.00 99.87 0.13
19.5 13.36 12.41 0.00 99.89 0.12
20.5 12.51 11.73 0.00 99.52 0.48
21.5 13.47 12.67 0.00 100.00 0.00
22.5 11.40 10.40 0.00 95.96 4.05
23.5 21.25 11.86 4.03 94.97 1.00
24.5 12.64 11.68 0.00 99.84 0.16
25.5 7.79 7.37 0.00 74.18 25.82
26.5 11.50 10.40 0.00 97.34 2.66
27.5 32.94 13.59 8,22 91.67 0.11
28.5 20.47 13.32 4.27 95.63 0.11
29.5 15.18 13.23 0.30 99.70 0.00
30.5 9.79 9.00 0.00 86.93 13.07
31.5 12.04 11.26 0.00 99.47 0.53
32.5 16.87 12.86 2.40 97.38 0.22
Appendix 35
Corename:WH0809BCS2
Depth (em) Mean (microns) Median (microns) 5and % 5ilt % Clay %
0.5 U .61 11.94 0.00 100.00 0.00
1.5 8.88 8.41 0.00 89.23 10.77
2.5 10.22 9.58 0.00 97.47 2.53
3.5 8.12 7.76 0.00 94.97 5.03
4.5 9.40 8.99 0.00 97.19 2.81
5.5 9.69 9.24 0.00 97.01 2.99
6.5 7.69 7.18 0.00 73.81 26.20
7.5 U .19 11.55 0.00 99.86 0.14
8.5 9.14 8.64 0.00 89.17 10.84
9.5 8.28 7.81 0.00 87.94 12.06
10.5 18.88 13.67 3.09 96.81 0.11
11.5 12.32 11.09 0.00 98.49 1.51
12.5 8.74 8.42 0.00 88.78 11.22
13.5 U .96 12.10 0.00 99.86 0.14
14.5 11.09 10.36 0.00 98.63 1.37
15.5 20.61 13.00 4.61 95.29 0.10
16.5 15.56 13.30 0.74 99.26 0.00
17.5 9.28 8.61 0.00 89.02 10.98
18.5 11.79 10.75 0.00 95.76 4.24
19.5 16.82 14.30 0.78 99.22 0.00
20.5 14.89 12.78 0.67 99.21 0.12
21.5 20.23 13.67 2.02 97.98 0.00
22.5 15.29 12.81 0.38 97.27 2.35
23.5 19.89 13.65 2.36 97.53 0.11
24.5 15.20 13.31 0.24 99.66 0.10
25.5 11.11 10.58 0.00 99.13 0.87
26.5 12.28 10.97 0.06 98.52 1.42
Appendix 3(,
Core name : WHOl109 BCS3
Depth (em) Mean (microns) Median (micron s) 5and% 5ilt % Clay %
0.5 10.99 10.70 0.00 100.00 0.00
1.5 10.31 9.80 0.00 98.69 1.31
2.5 11.90 11.28 0.00 99.79 0.21
3.5 8.16 7.68 0.00 77.96 22.04
4.5 10.07 9.28 0.00 93.94 6.06
5.5 11.79 11.01 0.00 99.47 0.53
6.5 26.73 12.70 3.73 96.27 0.00
7.5 10.99 10.37 0.00 98.94 1.06
8.5 11.21 10.40 0.00 98.42 1.58
9.5 10.20 9.51 0.00 95.98 4.02
10.5 17.45 12.41 2.72 97.13 0.15
11.5 9.83 9.01 0.00 93.78 6.22
12.5 8.63 7.93 0.00 85.44 14.56
13.5 32.79 13.46 6.10 93.90 0.00
14.5 13.54 12.44 0.00 100.00 0.00
15.5 10.08 9.11 0.00 90.64 9.36
16.5 11.34 10.47 0.00 98.36 1.64
17.5 13.43 11.44 0.52 99.29 0.20
18.5 16.58 12.20 2.25 97.63 0.12
19.5 17.23 13.04 2.18 97.82 0.00
20.5 11.36 10.29 0.00 97.32 2.68
21.5 12.41 10.94 0.21 99.19 0.60
22.5 16.73 12.97 1.83 98.17 0.00
23.5 19.78 12.69 3.66 96.22 0.12
24.5 28.23 13.25 5.76 94.24 0.00
25.5 17.50 13.64 2.29 97.61 0.10
26.5 19.67 12.92 4.30 95.58 0.13
27.5 21.70 12.67 3.74 %.14 0.13
28.5 11.42 10.58 0.00 98.89 1.11
29.5 9.12 8.32 0.00 79.67 20.33
30.5 16.45 11.79 2.61 % .91 0.48
31.5 30.53 12.50 5.79 94.05 0.16
32.5 9.21 8.34 0.00 81.58 18.42
33.5 10.62 9.27 0.18 93.75 6.07
34.5 14.90 11.53 1.64 98.00 0.36
35.5 22.54 13.04 6.57 93.29 0.14
Appendix 37
Core nam e: WH0809 BCS4
Depth (em) Mean (microns) Median (micron s) 5and% 5ilt % Clay %
0.5 11.87 11.21 0.00 99.83 0.18
1.5 12.08 11.41 0.00 99.87 0.13
2.5 11.51 10.82 0.00 99.02 0.99
3.5 12.87 12.12 0.00 100.00 0.00
4.5 12.36 11.67 0.00 99.87 0.13
5.5 12.99 11.86 0.13 99.87 0.00
6.5 14.66 12.52 0.60 99.40 0.00
7.5 17.51 12.13 2.87 97.13 0.00
8.5 11.41 10.60 0.00 98.93 1.07
9.5 11.51 10.50 0.00 98.47 1.53
10.5 23.93 13.41 6.03 93.97 0.00
11.5 18.43 12.22 3.12 %.74 0.14
12.5 15.85 12.24 1.82 98.01 0.17
13.5 26.90 12.59 4.55 95.45 0.00
14.5 23.54 12.58 4.17 95.69 0.14
15.5 18.37 13.06 3.06 96.94 0.00
16.5 10.37 9.86 0.00 98.39 1.61
17.5 9.56 8.98 0.00 95.34 4.66
18.5 24.74 12.29 4.80 95.03 0.18
19.5 14.47 12.82 0.38 99.62 0.00
20.5 10.87 10.22 0.00 98.39 1.61
21.5 15.69 12.08 1.78 97.60 0.62
22.5 12.00 11.12 0.00 99.39 0.61
23.5 15.94 13.17 1.26 98.64 0.10
24.5 18.47 14.30 2.30 97.70 0.00
25.5 10.61 9.83 0.00 96.08 3.92
26.5 21.35 12.94 4.03 95.97 0.00
27.5 16.55 13.62 1.41 98.59 0.00
28.5 9.15 8.21 0.00 79.44 20.56
29.5 25.48 13.73 7.73 92.27 0.00
30.5 23.75 13.09 5.44 94.56 0.00
31.5 16.00 11.36 2.68 96.89 0.43
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Core nam e : WH0809BCS5
Depth (em) Mean (microns) Median (microns) Sand % Silt % Clay %
0.5 13.23 12.45 0.00 100.00 0.00
1.5 13.77 12.58 0.11 99.89 0.00
2.5 13.29 12.47 0.00 100.00 0.00
3.5 13.43 12.59 0.00 100.00 0.00
4.5 15.26 13.57 0.31 99.69 0.00
5.5 14.59 13.19 0.21 99.79 0.00
6.5 23.33 12.15 4.35 95.65 0.00
7.5 11.66 9.74 0.44 95.96 3.60
8.5 10.05 9.10 0.00 90.08 9.92
9.5 13.58 11.37 0.68 99.13 0.19
10.5 19.87 13.16 4.18 95.72 0.10
11.5 19.48 13.30 3.62 96.27 0.11
12.5 22.28 14.94 4.57 95.43 0.00
13.5 12.58 11.21 0.07 98.19 1.74
14.5 28.35 14.29 8.72 91.28 0.00
15.5 25.29 14.50 6.87 93.13 0.00
16.5 9.06 8.18 0.00 79.74 20.26
17.5 9.58 8.66 0.00 82.49 17.51
18.5 19.50 13.31 3.49 96.40 0.10
19.5 28.90 13.60 5.69 94.31 0.00
20.5 17.62 12.27 2.89 96.78 0.33
21.5 14.74 13.22 0.08 99.91 0.00
22.5 18.34 12.31 3.44 96.39 0.17
23.5 11.54 10.72 0.00 99.14 0.86
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Appendix E
Sub-bottom profiles in Nachvak Fjord
Explanation
Appendix E conlains all sub-bottom profiles recorded during fieldwork in 2008 and their
location on a map. Sub-bottom profiles and sidescan sonar dala were co liected by using a
2- 16 kHz Chirp system (Edgetech 3200XS). The profiles and lines in the map showing
the geogra phic location of each profile are labelled with correspondingnumbers.
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AppendixF
Sub-bottomprofilesinSaglekFjord
Explanation
Appendi x F contain s all sub-bottom profiles recorded during fieldwork in 2008 andtheir
location on a map. Sub-bollom profiles and sidescan sonar data were co lIected by using a
2-16 kHz Chirp system (Edgetech 3200XS). The profiles and lines in the map showing
the geographic locat ion of each profile are labelled with corresponding numbers.
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AppendixG
Inventoriesof 21OPb in Soil cores
Explanation
Appendix G conta ins the extended result s of 2l0Pb inventor ies and nu x for soil cores
collected in 2008 in Nachvak and Saglek Fjord . The table lists 210Pb inventories
(dpm/crrr' ) and nu x (dpm/crn' y) for every soil core. Tota l 210Pb was determ ined by
measurement of the 46.5 keY gamma peak. Supported 210Pb (from decay of 226Ra within
the seabed ) was determin ed by meas urement of the gra nddaughters of 226Ra: 2I' Pb (295
and 352 keY) and 2I'Si (609 keY). The unsupport ed 2IOPb (excess 2IOPb) was determi ned
by subtracting the supported I '' Pb from the total 2IOPb.
Inventories of excess Of210Pb were determin ed by the followingequation :
where I is the inventory , Ai is the activity and m, is the total dry mass of soi1inthatdepth
interval, and Si s the sur face area ofthat core .
Flux was dete rmined by the following equatio n:
whereF is theannual llux(dpm cm-2y"I) required tosupport the inventory at steady sate
andAistheradioac tivedecayconstant for 2IOPb( 0.03 1y"1).
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2l0Pb lnventories
I nv2:~:~es F(FIUX ~
(dpm/cm ') (dpm/cm y)
NachvakFjord
2A 3.24 0.10
2C 23.45 0.73
MC5C1 1.34 0.04
SaglekFjord
NVBKl 0.82 0.03
NVBK2 0.71 0.02
NVBK3 1.52 0.05
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